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Hvwlpdwlqj Frpshqvdwlqj Zdjh Glhuhqwldov
iurp Zrunhu Prelolw|
Shu Mrkdqvvrq|dqg Pèuwhq Sdoph}
Mxqh 49/ 5334
Devwudfw
Zh hvwlpdwh wkh hhfwv ri wkh lpsohphqwdwlrq ri d frpsxovru|
zrun lqmxu| lqvxudqfh lq Vzhghq lq 4<:; rq frpshqvdwlqj zdjh gli0
ihuhqwldov1 Wklv lqyroyhv wzr vwhsv1 Iluvw/ zh lqyhvwljdwh li wkhuh duh
frpshqvdwlqj zdjh glhuhqwldov rq wkh Vzhglvk oderu pdunhw dqg vhf0
rqg/ zh dvvhvv li wkhvh zhuh dowhuhg e| wkh uhirup1 Zh xvh sdqho gdwd
iru wkh shulrg 4<:3 wr 4<<3 zlwk dqqxdo lqirupdwlrq iru d vdpsoh ri
eoxh froodu zrunhuv1 Wkh hfrqrphwulf prgho ghsduwv iurp wkh zrunhu*v
mre prelolw| ghflvlrq1 Hqgrjhqhlw|/ vhohfwlrq dqg phdvxuhphqw huuruv
ri ulvn h{srvxuh duh frqvlghuhg lq wkh hvwlpdwlrq1 Wkh hvwlpdwhv vkrz
vljqlfdqw frpshqvdwlqj zdjh glhuhqwldov iru zrun0uhodwhg glvhdvhv lq
wkh ihpdoh vxe0vdpsoh1 Qr vljqlfdqw hhfw ri wkh uhirup zdv irxqg1
￿Zh duh judwhixo wr frpphqwv jlyhq rq vhplqduv dw Vwrfnkrop Xqlyhuvlw| dqg wkh R!fh
ri Oderxu Pdunhw Srolf| Hydoxdwlrq lq Xssvdod1 Zh dfnqrzohgjh qdqfldo vxssruw iurp
wkh Vzhglvk Frxqflo iru Zrunlqj Olih dqg Vrfldo Uhvhdufk1
|LIDX 0 R!fh ri Oderxu Pdunhw Srolf| Hydoxdwlrq/ VH0:84 53 Xssvdod/ Vzhghq1 H0
pdlo= Shu1MrkdqvvrqClidx1xx1vh1
}Vwrfnkrop Vfkrro ri Hfrqrplfv/ Er{ 9834/ VH0446 ;6 Vwrfnkrop/ Vzhghq1 H0pdlo=
Pduwhq1SdophCkkv1vh1
44 Lqwurgxfwlrq dqg Prwlydwlrq
Wkh wkhru| ri frpshqvdwlqj zdjh glhuhqwldov grhv qrw rqo| kdyh lpsuhvvlyh
lqwhoohfwxdo urrwv gdwlqj edfn wr Dgdp Vplwk/ dv lv riwhq srlqwhg rxw lq wkh
lqwurgxfwlrq wr pdq| sdshuv rq wkh lvvxh/ exw lv dovr ri juhdw lpsruwdqfh
iru wkh ixqfwlrqlqj ri d prghuq oderu pdunhw dqg iru sxeolf srolf| dqdo|vlv1
Wkh h{lvwhqfh ri frpshqvdwlqj zdjh glhuhqwldov whoov xv vrphwklqj derxw wkh
frpsohwhqhvv ri wkh oderu pdunhw dqg dovr derxw wkh lpsdfw ri glhuhqw oderu
pdunhw lqvwlwxwlrqv1 Wkh sxeolf srolf| lqwhuhvw udqjhv iurp wkh zloolqjqhvv wr
sd| iru lqyhvwphqwv lq vdihu zrun hqylurqphqwv +vhh h1j1 Vplwk/ 4<:<, wr wkh
lpsolfdwlrqv ri d zrun lqmxu| lqvxudqfh/ zklfk fdq furzg rxw frpshqvdwlqj
glhuhqwldov +vhh h1j1 Ylvfxvl/ 4<<6,1
Lq 4<:: Vzhghq lpsohphqwhg d uhirup ri wkh frpsxovru| vwdwh zrun lqmxu|
lqvxudqfh1 Wkhuh zhuh wzr pdlq hohphqwv ri wkh uhirup1 Wkh uvw rqh zdv
wr/ lq dgglwlrq wr zrun dfflghqwv/ dovr lqfoxgh zrun0uhodwhg glvhdvhv lq wkh
zrun lqmxu| lqvxudqfh1 Wkh vhfrqg rqh zdv wr rewdlq d ehwwhu nqrzohgjh ri
kd}dugv dw zrunsodfhv e| lqwurgxflqj d v|vwhp iru uhsruwlqj zrun dfflghqwv
dqg zrun uhodwhg glvhdvhv1
Lq wklv vwxg| zh xvh wzr rssruwxqlwlhv wr hpslulfdoo| vwxg| wkh hfrqrplfv
ri frpshqvdwlqj zdjh glhuhqwldov surylghg e| wkh 4<:: uhirup1 Iluvw/ zh zloo
hvwlpdwh frpshqvdwlqj zdjh glhuhqwldov iru zrun dfflghqwv dqg zrun uhodwhg
glvhdvhv1 Zh xvh sdqho gdwd frqwdlqlqj lqirupdwlrq rq oderu hduqlqjv iru d
v d p s o hr ie o x h 0 f r o o d uz r u n h u vi r uh d f k| h d ur y h ud5 3| h d us h u l r gz k h u hg d w d
rq ulvn h{srvxuh iru zrun dfflghqwv dqg zrun uhodwhg glvhdvhv/ rewdlqhg iurp
wkh lqirupdwlrq v|vwhp lqwurgxfhg e| wkh uhirup/ kdv ehhq pdwfkhg rq xvlqj
5ghwdlohg rffxsdwlrqdo frghv1
Zh zloo/ wkxv/ lq dgglwlrq wr phdvxuh frpshqvdwlqj zdjh glhuhqwldov
iru ulvn h{srvxuh wr zrun dfflghqwv 0 zklfk vr idu kdv grplqdwhg wkh hp0
slulfdo uhvhdufk rq frpshqvdwlqj zdjh glhuhqwldo 0 dovr eh deoh wr phdvxuh
zdjh frpshqvdwlrqv iru h{srvxuh wr zrun0uhodwhg glvhdvhv1 Uhvhdufk lq vrfldo
phglflqh +vhh h1j1 Yèjhuù dqg Jxooehuj/ 4<<9, kdv gudzq wkh dwwhqwlrq wr gli0
ihuhqfhv lq olih h{shfwdqf| ehwzhhq glhuhqw rffxsdwlrqdo jurxsv1 Wkh h{whqw
wr zklfk wkhvh glhuhqfhv duh fdxvhg e| glhuhqfhv lq zrun hqylurqphqw ru
e| jhqhudo olih kdelwv vwloo uhpdlqv dq rshq txhvwlrq1 Lw lv/ krzhyhu/ fohdu wkdw
zrun dfflghqwv duh ri yhu| olwwoh lpsruwdqfh lq wklv frqwh{w1 D pxfk pruh
olnho| h{sodqdwlrq lv glhuhqfhv lq h{srvxuh wr ulvnv ri zrun0uhodwhg glvhdvhv
wkdw kdyh pruh orqj0whup hhfwv rq wkh khdowk ri zrunhuv1 Wklv vxjjhvwv wkdw
h{srvxuh ri ulvn wr zrun uhodwhg glvhdvhv lv pruh lpsruwdqw iru wkh zrunhu*v
jhqhudo khdowk vwdwxv1
Wkh vhfrqg dlp ri wklv vwxg| lv wr dvvhvv li wkh frpshqvdwlqj zdjh gli0
ihuhqwldov iru zrun0uhodwhg glvhdvhv fkdqjhg diwhu wkh 4<:: uhirup1 Hfrqrplf
wkhru| vxjjhvwv wkdw jhqhurxv frpshqvdwlrqv h{ srvw d zrunhu dftxluhg d
zrun0uhodwhg glvhdvh pd| furzg rxw zdjh frpshqvdwlrqv wr ulvn h{srvxuh/
l1h1/ frpshqvdwlrqv h{ dqwh1 Li wklv lv wkh fdvh/ d frpsxovru| lqvxudqfh vxfk
d wkh rqh lqwurgxfhg lq 4<::/ zkhuh wkh lqvxudqfh suhplxp lv xquhodwhg wr
ohyho ri ulvn h{srvxuh/ pd| ghfuhdvh wkh frvw iru wkh hpsor|hu wr surylgh d
zrun hqylurqphqw zlwk kljk ulvn h{srvxuh/ l1h1/ ghfuhdvh wkh hfrqrplf lqfhq0
wlyhv iru lpsuryhg zrun hqylurqphqw1 Wkh lqwurgxfwlrq ri wkh frpsxovru|
lqvxudqfh iru zrun uhodwhg glvhdvhv lq 4<:: hqdeohv wr dvvhvv li wklv hhfw lv
ri hpslulfdo lpsruwdqfh1
6Suhylrxv hpslulfdo vwxglhv ri frpshqvdwlqj zdjh glhuhqwldov kdyh ghdow
zlwk wkuhh phwkrgrorjlfdo sureohpv= hqgrjhqhlw| ri ulvn h{srvxuh> vhohfwlrq
lqwr mrev zlwk kljk ulvn h{srvxuh> dqg wkh hhfwv ri phdvxuhphqw/ ru shufhs0
wlrq/ huuruv1 Prvw uhfhqw vwxglhv ghdo zlwk dw ohdvw rqh/ ru d shupxwdwlrq/
ri wkhvh wkuhh sureohpv1 Wkh hhfw ri wkh hqgrjhqhlw| ri ehlqj hpsor|hg lq
mrev zlwk d kljk ulvn h{srvxuh kdv ehhq jlyhq pxfk dwwhqwlrq1 Lq d Prqwh
Fduor vwxg|/ Kzdqj hw do1 +4<<5, vkrz wkdw wkh ydoxh ri d kxpdq olih lv olnho|
wr eh xqghuhvwlpdwhg e| dw ohdvw 83 shufhqw li hqgrjhqhlw| lv qrw frqvlghuhg
lq wkh hvwlpdwlrq1 Frh!flhqw hvwlpdwhv zlwk wkh zurqj vljq duh dovr olnho|
wr rffxu1
Wkh hhfwv ri vhohfwlrqv lqwr kd}dugrxv mrev kdyh uhfhlyhg vxevwdqwldoo|
ohvv uhfrjqlwlrq +vhh/ krzhyhu/ Jduhq/ 4<;;,1 Vhohfwlrq vhhpv wr eh pruh
lpsruwdqw lq wkh dqdo|vlv ri frpshqvdwlrqv iru ulvn h{srvxuh wr zrun0uhodwhg
glvhdvhv udwkhu wkdq frpshqvdwlrq iru dfflghqwv1 Lq vrfldo phglflqh/ iru h{0
dpsoh/ lw kdv orqj ehhq uhfrjql}hg wkdw sk|vlfdoo| vwurqj zrunhuv vhohfw mrev
zlwk d kljk h{srvxuh wr zrun0uhodwhg glvhdvhv +vhh h1j1 Ùvwolq/ 4<;<,1 Ixu0
wkhupruh/ wkh hhfw ri phdvxuhphqw huuruv kdv uhfhlyhg frpsdudwlyho| olwwoh
dwwhqwlrq lq suhylrxv hpslulfdo vwxglhv +vhh/ krzhyhu/ Gxqfdq dqg Kropoxqg/
4<;6,/ dowkrxjk doo phdvxuhv ri ulvn h{srvxuh duh olnho| wr eh lpsuhflvh1
Lq wklv vwxg|/ zh zloo dgguhvv doo wkhvh wkuhh phwkrgrorjlfdo sureohpv
dqg zh dlp dw rewdlqlqj hvwlpdwhv ri wkh hhfw ri ulvn h{srvxuh1 Udwkhu
wkdq xvlqj d vwdwlf htxloleulxp rq wkh oderu pdunhw/ zklfk lv prvw frpprq
lq wkh suhylrxv olwhudwxuh/ wkh hfrqrphwulf prgho irfxvhv rq wkh zrunhu*v mre
prelolw| ghflvlrq1 Wkh gdwd xvhg lv rewdlqhg iurp wkh 4<<4 Vzhglvk Ohyho
ri Olylqj Vxuyh| +VOOV,1 Lq sduwlfxodu/ uhwurvshfwlyh lqirupdwlrq/ fryhulqj
7wkh shulrg 4<:304<<4/ iurp wklv vxuyh| lv xvhg1 Wkh uhwurvshfwlyh lqirupd0
wlrq frqwdlqv frghv iru ghwdlohg zrunsodfh fkdudfwhulvwlfv dv zhoo dv gdwhv
iru fkdqjhv lq hpsor|phqw iru hdfk lqglylgxdo lq wkh vdpsoh1 Phdvxuhphqw
huuruv duh frqwuroohg iru e| dq lqvwuxphqw yduldeoh dssurdfk1
Wkh uhvxowv vkrz d vljqlfdqw hhfw ri ulvn iru zrun0uhodwhg glvhdvhv iru
zrphq1 Zh qg qr vljqlfdqw hhfw ri wkh 4<:: uhirup ri wkh vlfnqhvv
lqvxudqfh/ l1h1/ wkh uhwxuqv wr ulvn h{srvxuh iru zrun0uhodwhg glvhdvhv glg qrw
fkdqjh vljqlfdqwo| diwhu wkh uhirup1
Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 jlyhv d ghwdlohg ghvfulswlrq
ri wkh Vzhglvk Zrun Lqmxu| Lqvxudqfh1 Gdwd dqg phdvxuhphqw lvvxhv duh
jlyhq lq Vhfwlrq 6/ Vhfwlrq 7 suhvhqwv wkh hfrqrphwulf prgho dqg Vhfwlrq 8
wkh hvwlpdwlrq whfkqltxhv1 Wkh uhvxowv duh suhvhqwhg lq Vhfwlrq 91 Vhfwlrq :
frqfoxghv1
5 Wkh Ghyhorsphqw ri wkh Zrun Lqmxu| Lq0
vxudqfh
Wkh zrun lqmxu| lqvxudqfh lv Vzhghq*v roghvw frpsxovru| vrfldo lqvxudqfh1
Wkh uvw zrun lqmxu| lqvxudqfh zdv lpsohphqwhg douhdg| lq 4<341 Wrgd|/ lw
frqvlvwv ri wzr pdlq lqvxudqfhv= rqh dgplqlvwudwhg e| wkh vwdwh +irupdoo|
wkh Qdwlrqdo Vrfldo Lqvxudqfh Erdug, dqg rqh rffxsdwlrqdo lqvxudqfh qhjr0
wldwhg rq d fhqwudo ohyho ehwzhhq wkh pdlq wudgh xqlrqv dqg wkh hpsor|huv
frqihghudwlrq1 Wkh odwwhu lqvxudqfh lv frpsxovru| iru doo hpsor|hhv fryhuhg
e| wkh fhqwudo djuhhphqw/ l1h1 pruh wkdq <8 shufhqw ri wkh Vzhglvk oderu
pdunhw1
Dowkrxjk wkh edvlf dlp ri wkh lqvxudqfh kdv odujho| uhpdlqhg xqfkdqjhg
8vlqfh lw zdv uvw lqwurgxfhg/ lw kdv fkdqjhg dorqj dw ohdvw wkuhh glphqvlrqv1
Iluvw/ wkh jurxsv ri zrunhuv fryhuhg e| wkh lqvxudqfh kdyh judgxdoo| lq0
fuhdvhg> zkhq uvw lqwurgxfhg/ wkh lqvxudqfh rqo| fryhuhg lqgxvwuldo zrun0
huv1 Wkh fryhudjh kdv wkhq judgxdoo| lqfuhdvhg wr fryhu doo jurxsv rq wkh
oderu pdunhw/ hyhq wkrvh zkr duh vhoi0hpsor|hg1 Vhfrqg/ wkh frpshqvdwlrq
ohyho ri wkh lqvxudqfh kdv ydulhg ryhu wlph1 Wkh prvw jhqhurxv ohyho zdv lp0
sohphqwhg diwhu wkh 4<:: uhirup/ zlwk d 433 shufhqw frpshqvdwlrq ohyho iru
irujrqh hduqlqjv1 Wklug/ wkh frqfhsw ri zrun lqmxu| kdv fkdqjhg ryhu wlph1
Dovr lq wklv uhvshfw/ wkh prvw udglfdo fkdqjh wrrn sodfh lq wkh 4<:: uhirup/
zkhuh wkh zrun lqmxu| frqfhsw zdv hqodujhg iurp edvlfdoo| rqo| lqfoxglqj
zrun dfflghqwv wr dovr fryhulqj ydulrxv irupv ri zrun0uhodwhg looqhvvhv1
Wkh frqfhsw ri zrun lqmxu| lv idu iurp xqdpeljxrxv dqg kdv fkdqjhg lq
wkh Vzhglvk zrun lqmxu| lqvxudqfh ryhu wkh sdvw ghfdghv1 Wklv fdq pdlqo| eh
ghvfulehg dv d judgxdo fkdqjh lq wkh sudfwlfh ri wkh odz/ dowkrxjk wkhuh duh
dovr vrph ixqgdphqwdo klvwrulfdo fkdqjhv1 Wkh ruljlqdo lqvxudqfh/ iurp 4<34/
rqo| fryhuhg zrun dfflghqwv/ l1h1 wkh lqvxuhg lqglylgxdo zdv rqo| hqwlwohg wr
frpshqvdwlrq iurp wkh lqvxudqfh li d sduwlfxodu khdowk ghflhqf| frxog eh
uhihuuhg wr d sduwlfxodu hyhqw kdylqj rffxuuhg dw wkh zrunsodfh1 Khdowk
sureohpv dftxluhg ryhu d shulrg ri wlph zhuh qrw fryhuhg e| wkh lqvxudqfh1
Vlqfh 4<63/ zkhq zrunhuv zlwk vlolfrvlv zhuh pdgh holjleoh iru frpshqvd0
wlrq iurp wkh lqvxudqfh/ dq lqfuhdvlqj qxpehu ri looqhvvhv kdyh ehhq lqfoxghg
lq wkh olvw ri looqhvvhv fryhuhg e| wkh lqvxudqfh1 Rqo| wkrvh looqhvvhv fdxvhg
e| d vxevwdqfh ru udgldwlqj hqhuj| lq wkh zrunsodfh zhuh holjleoh iru frpshq0
vdwlrq/ krzhyhu1 Lq wkh 4<:: uhirup/ wkhuh zdv d ixqgdphqwdo fkdqjh lq wkh
frqfhsw ri zrun0uhodwhg looqhvvhv= Wkh olvw ri looqhvvhv fryhuhg e| wkh uhirup
9zdv wkhq uhsodfhg e| d jhqhudo ohjdo h{dplqdwlrq ri zkhwkhu wkh looqhvv zdv
fdxvhg e| wkh lqvxuhg lqglylgxdo*v zrun ru zrun hqylurqphqw14 Wklv ohjdo
h{dplqdwlrq wrrn sodfh lq wzr vwhsv1 Lq wkh uvw vwhs/ lw zdv ghflghg li wkh
lqvxuhg lqglylgxdo zdv vxhulqj iurp wkh sduwlfxodu glvhdvh iru zklfk kh ru
vkh fodlphg frpshqvdwlrq1 Lq wkh vhfrqg vwhs/ lw zdv ghflghg zkhwkhu ru qrw
wklv sduwlfxodu glvhdvh frxog kdyh ehhq fdxvhg e| wkh lqvxuhg zrunhu*v zrun
ru zrun hqylurqphqw1 Li erwk wkhvh vwhsv zhuh sdvvhg/ wkh lqvxuhg zrunhu
zdv holjleoh iru frpshqvdwlrq iurp wkh lqvxudqfh1
Lq Iljxuh 4/ wkh wrwdo qxpehu ri lqmxulhv lv eurnhq grzq lqwr zrun df0
flghqwv/ dfflghqwv rq wkh zd| wr zrun dqg zrun0uhodwhg looqhvvhv1 Iljxuh 4
vkrzv d yhu| fohdu sdwwhuq= Wkh qxpehu ri zrun dfflghqwv kdv frqwlqxdoo|
ghfuhdvhg ryhu wkh revhuyhg shulrg ri wlph/ suredeo| gxh wr d vwhdglo| lp0
suryhg vhfxulw| lq wkh zrun hqylurqphqw1 Wkh qxpehu ri dfflghqwv rq wkh
zd| wr zrun kdv uhpdlqhg frqvwdqw/ zkloh zrun0uhodwhg looqhvvhv lqfuhdvhg
vxevwdqwldoo| diwhu wkh 4<:: uhirup dqg ixuwkhu ehwzhhq 4<;8 dqg 4<;;1
Wkh pdlq h{sodqdwlrq ri wkh lqfuhdvh lq wkh qxpehu ri uhsruwhg zrun0
uhodwhg looqhvvhv ehwzhhq 4<;8 dqg 4<;; lv wkh fkdqjh lq wkh vwulfwqhvv lq
wkh dssolfdwlrq ri wkh wzr0vwhs surfhgxuh iru ohjdo lqtxlu| ghvfulehg lq wkh
Dsshqgl{15 R q hz d |r ip h d v x u l q jw k l vv w u l f w q h v vl vw rp h d v x u hw k hv k d u hr i
lqvxuhg zrunhuv uhfhlylqj vxssruw iurp wkh zrun lqmxu| lqvxudqfh diwhu wkh
shulrg ri <3 gd|v ri dgplwwhg vxssruw iurp wkh vlfnqhvv lqvxudqfh1 Iljxuh
5 vkrzv wklv vkduh iru zrun dfflghqwv dqg zrun0uhodwhg looqhvvhv uhvshfwlyho|
4H{foxghg duh sodqw forvlqjv/ zrun qhjrwldwlrqv/ odfn ri hqfrxudjhphqw/ odfn ri surpr0
wlrq dqg jhqhudo glvolnh ri wdvnv dqg fr0zrunhuv1
5D ghvfulswlrq ri fkdqjhv lq wkh frpshqvdwlrq ri wkh zrun lqmxu| lqvxudqfh lv jlyhq lq
wkh Dsshqgl{1
:iru wkh shulrg 4<;3 wr 4<<41 Lw fdq eh vhhq wkdw wklv vkduh lqfuhdvhv pdunhgo|
xs xqwlo 4<;;/ sulpdulo| iru zrun0uhodwhg looqhvvhv1
Wdeoh 4 vkrzv wkh qxpehu ri uhsruwhg zrun0uhodwhg looqhvvhv eurnhq grzq
e| gldjqrvlv1 Lw lv hylghqw iurp wkh vwdwlvwlfv vkrzq lq wklv Wdeoh wkdw wkh
odujhvw lqfuhdvh lv lq pxvfxor0vnhohwdo looqhvvhv1 Wklv fkdqjh lv frqvlvwhqw zlwk
zkdw zh zrxog h{shfw iurp wkh fkdqjh lpsrvhg e| wkh uhirup= Wkh fdxvhv
ri wkhvh looqhvvhv duh vrphwlphv glxvh/ frpsduhg wr h1j1 looqhvvhv fdxvhg e|
fhuwdlq fkhplfdo vxevwdqfhv/ dowkrxjk wkh| fdq fhuwdlqo| eh fdxvhg e| wkh
lqvxuhg zrunhu*v zrun frqglwlrqv ru zrun hqylurqphqw1
Wr vxp xs/ lw lv hylghqw iurp wkh ghvfulswlyh vwdwlvwlfv ehorz wkdw wkh frq0
fhsw ri zrun lqmxu| glg fkdqjh frqvlghudeo| ryhu wkh shulrg ri wlph fryhuhg
e| wkh sdqho gdwd xvhg lq wkh hpslulfdo sduw ri wklv vwxg|1 Lq sduwlfxodu/ wkh
fryhudjh ri wkh lqvxudqfh iru sulpdulo| Pxvfxor0vnhohwdo looqhvvhv fdxvhg e|
zrunlqj frqglwlrqv zhuh lpsuryhg dqg wkhuhiruh/ wkh h{shfwhg frpshqvdwlrq
iru mrev zkhuh wkh zrunhuv duh h{srvhg wr ulvnv iru dftxlulqj vxfk looqhvvhv
zdv lqfuhdvhg1
6 Gdwd dqg Phdvxuhphqw
Wkh gdwd0vhw lv exlow durxqg wkh VOOV1 Wklv vxuyh| lv d sdqho ri lqwhuylhzv
pdgh lq 4<9;/ 4<:7/ 4<;4 dqg 4<<4/ uhvshfwlyho|1 Wkh vdpsoh frqvlvwv ri
derxw 9/333 lqglylgxdov lq hdfk zdyh dqg lv d uhsuhvhqwdwlyh vdpsoh ri wkh
Vzhglvk srsxodwlrq djhg 4< wr :716 D ghwdlohg ghvfulswlrq ri wkh VOOV fdq
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Iljxuh 4= Qxpehu ri uhsruwhg zrun dfflghqwv/ dfflghqwv rq wkh urdg wr zrun






















Iljxuh 5= Shufhqwdjh vkduh ri uhsruwhg zrun dfflghqwv dqg zrun uhodwhg
glvhdvhv dssuryhg diwhu ohjdo lqtxlu|1
<Wdeoh 4= Qxpehu ri uhsruwhg zrun uhodwhg glvhdvhv shu 4/333 zrunhuv e|
vxvshfwhg fdxvh lq 4<;3/ 4;;8 dqg 4<<31
Fdxvh 4<;3 4<;8 4<<3
Pxvfxor0vnhohwdo glvrughu 618 718 <13
Fkhplfdo vxevwdqfhv 418 514 416
Qrlvh 31; 413 31<
Yleudwlrqv 314 316 315
Rwkhu sk|vlfdo idfwruv 314 314 314
Lqihfwlrqv 315 314 314
Sk|frorjlfdo idfwruv 0 314 317
Qrq0fodvvlhg 316 314 315
Doo 919 ;16 4515
Qrwh= Vrxufh Duehwduvn|ggvvw|uhovhq 4<;8 dqg 4<<31
eh irxqg lq Hulnvrq dqg Èehuj +4<;:,1
Wkh 4<<4 zdyh ri VOOV lqfoxghg uhwurvshfwlyh txhvwlrqv uhjduglqj h1j1
zrun klvwru|1 Hdfk lqglylgxdo lq wkh vdpsoh zdv dvnhg derxw wkh fkdudfwhu0
lvwlfv ri klv hqwluh klvwru| ri suhylrxv hpsor|phqwv1 Wkh rwkhu pdlq vrxufh
ri lqirupdwlrq xvhg wr rewdlq wkh sdqho gdwd0vhw xvhg lq wklv vwxg| lv gdwd
iurp wkh Vzhglvk wd{ uhjlvwhuv pdwfkhg djdlqvw wkh VOOV vxuyh|1 Vlqfh wkh
wd{ uhjlvwhuv fryhu doo shuvrqv olylqj lq Vzhghq/ zh kdyh ehhq deoh wr jhw
lqglylgxdo hduqlqjv gdwd iru vhyhudo |hduv iru wkh lqglylgxdov lqfoxghg lq wkh
vdpsoh1
Wkh uhwurvshfwlyh txhvwlrqv zhuh xvhg wr frqvwuxfw dq xqedodqfhg sdqho
ri lqglylgxdov dqg wkhlu zrun dfwlylwlhv iurp 4<:3 wr 4<<41 Wkh zrun klvwru|
yduldeohv zhuh fuhdwhg rq edvlv ri wkh dfwlylw| ri hdfk lqglylgxdo rq Mdqxdu|
4 hdfk |hdu1 Wkh vdpsoh zdv uhgxfhg wr rqo| lqfoxgh revhuydwlrqv zkhq
lqglylgxdov zhuh hpsor|hg1
43Wdeoh 5= Vdpsoh vhohfwlrq1 Qxpehu ri lqglylgxdov/ ?/ dqg qxpehu ri revhu0
ydwlrqv/
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Lqlwldo vdpsoh 6/5:9 :5/3:5
Ghohwlrqv= vhoi hpsor|hg/ zklwh froodu zrunhuv dqg lqglylgxdov rxwvlgh wkh oderu irufh
Eoxh0froodu zrunhuv lq 4<<4 4/797
Plvvlqj gdwhv lq mre vhtxhqfh +6;5, 4/3;5
Pruh wkdq 6 vhtxhqfhv ri ehlqj rxwvlgh wkh oderu irufh +7:, 4/368
Pruh wkdq 6 plvvlqj revhuydwlrqv rq oderu hduqlqjv lq d vhtxhqfh +68, 4/333
Ilqdo vdpsoh 4/333 48/85;
614 Vdpsoh Vhohfwlrq dqg Phdvxuhphqw ri wkh Ghshq0
ghqw Yduldeoh
Wkh lqlwldo vdpsoh/ rewdlqhg iurp wkh 4<<4 VOOV vxuyh|/ frqvlvwv ri 6/5:9
lqglylgxdov1 Krzhyhu/ lq rughu wr rewdlq wkh qdo vdpsoh xvhg lq wkh hvwlpd0
wlrq/ vhyhudo vhohfwlrqv zhuh pdgh1 Wkhvh vhohfwlrqv duh vxppdul}hg lq Wdeoh
51 Vhoi0hpsor|hg/ iduphuv/ zklwh froodu zrunhuv/ vwxghqwv/ plolwdu| shuvrq0
qho dv zhoo dv shqvlrqhuv dqg rwkhu lqglylgxdov rxwvlgh wkh oderu irufh ru lq
iduplqj zhuh doo h{foxghg iurp wkh vdpsoh1 Diwhu wkhvh vhohfwlrqv kdg ehhq
pdgh/ 4/797 eoxh0froodu zrunhuv uhpdlqhg lq wkh vdpsoh1 Iru 6;5 ri wkhvh/
wkh zrun klvwru| lv plvvlqj ru vrph ri wkh gdwhv duh zurqj +h1j1 vwduw gdwhv
duh diwhu hqg gdwhv lq d zrun vhtxhqfh, dqg wkhvh zhuh dovr h{foxghg iurp
wkh vdpsoh1
Wkh ghshqghqw yduldeoh/ oderu hduqlqjv/ lv phdvxuhg e| wd{deoh dqqxdo
oderu hduqlqjv dqg lv rewdlqhg iurp wkh qdwlrqdo wd{ uhjlvwhu pdwfkhg djdlqvw
44wkh VOOV1 Ehwzhhq 4<:3 dqg 4<:6/ vrfldo lqvxudqfh lqfrphv/ sulpdulo| lq0
frph iurp wkh vlfnqhvv lqvxudqfh/ duh qrw lqfoxghg lq wd{deoh lqfrph iurp
oderu1 Ehwzhhq 4<:7 dqg 4<<4/ vrfldo lqvxudqfh lqfrph frpsrqhqwv duh lq0
foxghg1 Wr dffrxqw iru fkdqjhv lq dyhudjh hduqlqjv ryhu wlph/ zh gh dwh
wkh hduqlqjv uhfrugv zlwk wkh fkdqjh lq dyhudjh hduqlqjv iru wkh djjuhjdwh
Vzhglvk hfrqrp| hdfk |hdu1
Iru vrph ri wkh |hduv/ wkh hduqlqjv yduldeoh iru vrph ri wkh lqglylgxdov
lq wkh vdpsoh lv uhfrughg zlwk d }hur ru plvvlqj ydoxh1 Wkhuh pd| eh vhyhudo
uhdvrqv iru wklv/ h1j1 wkh zrunhu pd| kdyh ehhq vwxg|lqj ru iru vrph rwkhu
uhdvrq ehhq rxwvlgh wkh oderu irufh iru d shulrg ri wlph1 Ehiruh 4<:7/ lw
pd| dovr kdyh ehhq wkh fdvh wkdw wkh zrunhu uhfhlyhg lqfrph iurp vrfldo
lqvxudqfhv1 Iru prvw ri wkhvh revhuydwlrqv/ zkhq wkh hduqlqjv duh plvvlqj
ru }hur/ zh kdyh lqirupdwlrq rq zkhwkhu dq lqglylgxdo lv> +l, xqhpsor|hg>
+ll, vwxg|lqj> +lll, grlqj klv plolwdu| vhuylfh> +ly, rq pdwhuqlw| ohdyh> +y,
zrunlqj dw krph> +yl, rq dq hduo| uhwluhphqw vfkhph1 Dw hdfk vwdjh/ zh dovr
kdyh lqirupdwlrq rq w|sh ri hpsor|phqw1 Vhtxhqfhv zkhuh dq lqglylgxdo lv
qrw hpsor|hg dv d eoxh0froodu zrunhu duh h{foxghg iurp wkh vdpsoh1 Li/ iru
lqvwdqfh/ d zrunhu kdv fkdqjhg iurp ehlqj hpsor|hg wr xqhpsor|hg/ dqg
wkhq ehfrphv hpsor|hg djdlq/ wkh vhtxhqfh zkhuh kh lv xqhpsor|hg lv qrw
lqfoxghg lq wkh vdpsoh1 7: zrunhuv zkr kdg pruh wkdq wkuhh vhtxhqfhv ri
xqhpsor|phqw zhuh h{foxghg iurp wkh vdpsoh1
Iru d ihz lqglylgxdov/ zh kdyh wuxh plvvlqj ydoxhv lq wkh vhqvh wkdw zh
kdyh uhfrughg dq hpsor|phqw/ exw d }hur ru plvvlqj ydoxh rq oderu hduqlqjv1
45Iru wkhvh lqglylgxdov/ zh xvh wkh iroorzlqj surfhgxuh=7 li wkh plvvlqj ydoxhv
rffxu dw wkh ehjlqqlqj ru wkh hqg ri wkh wlph shulrg fryhuhg e| wkh sdqho/
wkh revhuydwlrqv duh vlpso| ghohwhg1 Li wkh plvvlqj ydoxhv dsshdu zlwklq d
vhtxhqfh ri revhuydwlrqv/ wkh plvvlqj revhuydwlrqv duh lpsxwhg dv zhljkwhg
dyhudjhv ri wkh suhfhglqj dqg iroorzlqj revhuydwlrqv +rqh suhfhglqj dqg rqh
iroorzlqj ydoxh lq wkh fdvh ri rqh plvvlqj ydoxh/ wzr suhfhglqj dqg wzr iro0
orzlqj ydoxhv lq wkh fdvh ri wzr plvvlqj ydoxhv hwf1,1 Wkh lpsxwdwlrq lv edvhg
rq wkh dvvxpswlrq wkdw revhuydwlrqv duh plvvlqj udqgrpo|18 Li wkhuh duh pruh
wkdq wzr plvvlqj revhuydwlrqv lq d vhtxhqfh/ zh kdyh ghohwhg wkh lqglylgxdo
iurp wkh vdpsoh1 Wklv lv grqh iru 68 lqglylgxdov1
Wkh qdo gdwd0vhw lv dq xqedodqfhg sdqho ri 4/333 lqglylgxdov/ 48/589 re0
vhuydwlrqv dqg 4/844 zrun vhtxhqfhv1 Wkh dyhudjh ohqjwk ri d zrun vhtxhqfh
lv 4315: |hduv zlwk d vwdqgdug ghyldwlrq ri :188 |hduv1
615 Phdvxulqj Ulvn
Rqh ri wkh dlpv ri wkh 4<:: zrun lqmxu| lqvxudqfh uhirup zdv wr lqfuhdvh
wkh nqrzohgjh ri khdowk kd}dugv dw zrunsodfhv lq Vzhghq1 Wr dfklhyh wklv/ d
qhz v|vwhp iru froohfwlqj lqirupdwlrq rq rffxsdwlrqdo lqmxulhv nqrzq xqghu
wkh deeuhyldwlrq LVD zdv lqwurgxfhg1 Doo vxvshfwhg zrun lqmxulhv/ l1h1/ wkrvh
fodlplqj frpshqvdwlrq iurp wkh zrun lqmxu| lqvxudqfh zhuh uhsruwhg wr LVD/
vwduwlqj iurp Mdqxdu| 4/ 4<:<1
Wkh pdlq ulvn phdvxuh fdofxodwhg iurp wkh LVD gdwd0edvh lv wkh Vwdqgdug
7Wzhqw| lqglylgxdov kdyh rqh plvvlqj revhuydwlrq dqg wkuhh lqglylgxdov kdyh wzr plvv0
lqj revhuydwlrqv zlwklq d vhtxhqfh1
8D zhljkw ri 425 lv jlyhq wr hdfk revhuydwlrq vxuurxqglqj wkh plvvlqj revhuydwlrq1
Zlwk wzr revhuydwlrqv plvvlqj> wkh zhljkwv 52;/ 62;/ 52; dqg 42; duh jlyhq wr wkh uvw
plvvlqj revhuydwlrq dqg 42;/ 52;/ 62; dqg 52; duh jlyhq wr wkh vhfrqg plvvlqj revhuydwlrq1
46Lqflghqfh Udwlr +VLU, phdvxuh/ zklfk phdvxuhv wkh qxpehu ri uhsruwhg zrun
lqmxulhv shu 4/333 zrunlqj krxuv lq hdfk rffxsdwlrq1 Gdwd rq wkh qxpehu
ri krxuv zrunhg zlwklq hdfk rffxsdwlrq lv rewdlq iurp wkh Vzhglvk Qdwlrqdo
Dffrxqwv1 Wkh fodvvlfdwlrq xvhg iru rffxsdwlrqv lv wkh Q\N fodvvlfdwlrq1
Wkh Q\N fodvvlfdwlrq lv d Qruglf vwdqgdug iru fodvvli|lqj glhuhqw rffx0
sdwlrqv1 Wkh wkuhh0gljlw ohyho ri dffxudf| xvhg lq wklv vwxg| frqwdlqv derxw
633 glhuhqw rffxsdwlrqv1 Wkh uhwurvshfwlyh vwxg| ri wkh VOOV dovr frqwdlqv
wkh wkuhh0gljlw ohyho Q\N frgh1 Wkxv/ zh duh deoh wr jhw d phdvxuh ri hdfk
zrunhu*v ulvn h{srvxuh wr erwk zrun dfflghqwv dqg zrun0uhodwhg looqhvvhv dw
hdfk srlqw lq wlph e| dvvljqlqj wkh VLU phdvxuh wr hdfk zrunhu dw hdfk srlqw
lq wlph19 Wkh lghqwlfdwlrq ri ulvn frpshqvdwlrq lq wkh hfrqrphwulf prgho
xvhg lv ghshqghqw rq fkdqjhv lq wkh zrunhu*v ulvn h{srvxuh ryhu wlph1 Wklv
fdq rffxu rqo| li wkh zrunhu fkdqjhv mrev1 Dowrjhwkhu/ wkhuh duh ;8: fkdqjhv
ri rffxsdwlrq1 Wkhuh duh durxqg 68 fkdqjhv ri rffxsdwlrqv hdfk |hdu1 Wkh
plqlpxp qxpehu ri fkdqjhv lv lq 4<:6 zlwk 54 fkdqjhv dqg wkh pd{lpxp
lv lq 4;< zlwk 95 fkdqjhv ri rffxsdwlrq1 Lq wkh hud ehiruh wkh uhirup/ l1h1/
b.f  b../ wkhuh zhuh h{dfwo| 55: fkdqjhv dqg wkh hud diwhu wkh uhirup
frqwdlqv 95; fkdqjhv lq rffxsdwlrq
9Wkh ulvn lqgh{ glhuv e| jhqghu1
47Wdeoh 6= Rffxsdwlrqdo lqmxulhv +Dff1 @ Dfflghqwv dqg Glv1 @ Glvhdvhv, e|
rffxsdwlrqdo jurxs rq d rqh0gljlw ohyho1 Qxpehu ri zrun lqmxulhv shu rqh
ploolrq pdqkrxuv lq 4<;61
Rffxsdwlrqdo jurxs Pdohv Ihpdohv
Dff1 Glv1 ? Dff1 Glv1 ?
Surihvvlrqdo/ whfkqlfdo dqg uhodwhg zrun 31774 315<3 94 31;88 3163< 88
Dgplqlvwudwlyh dqg pdqdjhuldo zrun 31547 314<4 56: 3173< 313;7 4658
Errn0nhhslqj dqg fohulfdo zrun 31575 315<7 656 31785 31799 :34
Vdohv zrun 416;< 41<;6 94< 31;9< 319;9 464;
Djulfxowxudo/ iruhvwu| dqg vklqj zrun 41943 417<3 75 316;: 31595 88
Plqlqj dqg txduu|phq 31:;: 4196: 4563 318:6 3179; 7:;
Wudqvsruw dqg frppxqlfdwlrqv zrun 515;4 5165; 6:68 51677 31:5< 775
Surgxfwlrq zrun 41;54 51373 46<6 51495 31<:3 983
Vhuylfh zrun/ duphg irufhv 31;66 41938 7<7 31;8< 31994 56:3
Doo 41643 415;5 ;467 31<56 3188: :6<7
7 Hpslulfdo Vshflfdwlrq dqg Hvwlpdwlrq
714 Prgholqj Zrunhu Prelolw| dqg Phdvxulqj Frp0
shqvdwlqj Zdjh Glhuhqwldov
Prvw hpslulfdo dvvhvvphqwv ri frpshqvdwlqj zdjh glhuhqwldov/ dv h1j1 wkh
lq xhqwldo zrun ri Wkdohu dqg Urvhq +4<:9,/: ghsduw iurp dq hfrqrplf prgho
ri d vwdwlf htxloleulxp rq wkh oderu pdunhw1 Lq wklv iudphzrun/ zrunhuv duh
dvvxphg wr ydoxh vdihw| dw wkh zrunsodfh exw wr eh khwhurjhqrxv lq wkhlu ulvn
suhihuhqfhv1 Hpsor|huv duh dvvxphg wr kdyh khwhurjhqrxv frvwv iru surylglqj
vdihw| dw wkh zrunsodfh1 Lq htxloleulxp/ zrunhuv zkr duh ohvv dyhuvh wr wdnlqj
kljk ulvnv vhohfw upv zlwk kljk frvwv iru surylglqj vdihw| dw wkh zrunsodfh
dqg zrunhuv zlwk suhihuhqfhv iru vdihw| pdwfk zlwk upv zlwk orz frvwv iru
surylglqj vxfk zrunlqj frqglwlrqv1 Wklv prgho jhqhudwhv d sdwk ri wdqjhqflhv
:Vhh Urvhq +4<;9, iru d uhylhz ri wklv olwhudwxuh1
48ehwzhhq glhuhqw upv* rhu fxuyhv dqg glhuhqw zrunhuv* frqvwdqw h{shfwhg
xwlolw| orfl zklfk/ lq wxuq/ fdq eh hvwlpdwhg lq dq ruglqdu| zdjh htxdwlrq
zkhuh d phdvxuh ri ulvn h{srvxuh lv dgghg wr wkh vshflfdwlrq1 Vlqfh wklv lv
d jhqhudo htxloleulxp iudphzrun/ wkh frpshqvdwlqj zdjh glhuhqwldov fdq eh
lqwhusuhwhg dv pdunhw sulfhv1
Rqh olplwdwlrq ri wkh vwdwlf htxloleulxp prgho lv wkdw lw grhv qrw h{0
sodlq zk| zrunhuv pryh iurp rqh mre wr dqrwkhu> zklfk lqghhg lv wkh fdvh1
Wklv uhvwulfwv wkh xvhixoqhvv ri wklv prgho1 Lqvwhdg/ zh zloo ghsduw iurp wkh
zrunhu*v mre prelolw| ghflvlrq1 Dvvxph wkdw/ lq hdfk shulrg ri wlph/ hdfk
zrunhu uhfhlyhv d mre rhu iurp d pxowlyduldwh glvwulexwlrq/ 8E`c4c zkhuh
` l vw k hz d j hu d w hd q g4 lv d +u yhfwru ri fkdudfwhulvwlfv1 Wkh zrunhu
dffhswv d mre rhu li lw |lhogv d kljkhu xwlolw| lq whupv ri frqvxpswlrq dqg
mre fkdudfwhulvwlfv wkdq wkh fxuuhqw mre1 Wklv surfhvv hqdeohv wkh zrunhu wr
jhw dq lpsuryhg pdwfk ryhu klv ru khu fduhhu1
Dq hpslulfdo uhjxodulw| lq oderu hfrqrplfv lv wkdw zrunhuv hpsor|hg lq
odujh upv kdyh kljkhu zdjhv frpsduhg wr wkrvh kluhg e| vpdoohu upv +vhh
h1j1 Rl dqg Lgvrq/ 4<<</ iru dq ryhuylhz,1 Wkhuh duh vhyhudo h{sodqdwlrqv
wr wkhvh zdjh glhuhqwldov/ vxfk dv h!flhqf| zdjh wkhru| dqg wkh idfw wkdw
kljko| h!flhqw zrunhuv whqg wr pdwfk zlwk deoh hqwuhsuhqhxuv wr plqlpl}h
wkh vxp ri zdjh dqg prqlwrulqj frvwv1 Wkh| fdq dovr eh frqvlghuhg dv
frpshqvdwlqj zdjh glhuhqwldov iurp zrunlqj dw d odujh zrunsodfh1 Zh zloo
qrw wu| wr glhuhqwldwh ehwzhhq glhuhqw h{sodqdwlrqv1 Krzhyhu/ dv up vl}h
lv d fkdudfwhulvwlf olnho| wr dhfw hduqlqjv dqg zloo dovr fkdqjh ryhu wlph/ zh
zloo lqfoxgh lw lq wkh yhfwru ri mre fkdudfwhulvwlfv dorqj zlwk wkh ulvn h{srvxuh
yduldeohv1
49Zdjhv dqg mre fkdudfwhulvwlfv duh dvvxphg wr eh ghwhuplqhg e| wkh iro0
orzlqj prgho1 Wkh uvw htxdwlrq ghwhuplqhv zdjhv;
￿| ' f ￿| n ￿4￿| n ￿|c +4,
zkhuh ￿| lv wkh orjdulwkp ri lqglylgxdo ￿r zdjh udwh dw wlph |(  ￿| lv d yhfwru
ri lqglylgxdo fkdudfwhulvwlfv wkdw pd| fkdqjh ryhu wlph dqg ￿ '  n U￿c
zkhuh .EU￿'fc  TEU￿'_@}Ej2
,c, ' cu1 Wkh xqrevhuydeohv/ ￿|c
frqvlvw ri wzr frpsrqhqwv/ l1h1/
￿| ' >￿ n ￿| n 0￿|c +5,
zkhuh >￿ phdvxuhv wkh lqglylgxdo*v devroxwh dgydqwdjh/ ru delolw|/ rq wkh
oderu pdunhw/ ￿ doorzv iru khwhurjhqrxv hduqlqjv jurzwk udwhv/ zklfk fdq
uh hfw khwhurjhqhlw| lq wlph suhihuhqfhv dv vxjjhvwhg e| h1j1 Kdxvh +4<;3, ru
Oloodug dqg Zlhvv +4<:<,= zrunhuv zlwk orz suhihuhqfhv iru lpphgldwh sd|r
d u hd e o hw rf k r r v hdm r ez l w kdk l j kh o h p h q wr ir q 0 w k h 0 m r ew u d l q l q jd q gd
v w h h sh d u q l q j vj u r z w ku d w hf r p s d u h gw rdm r ez l w kk l j kl q l w l d os d |d q gd
orz hohphqw ri ohduqlqj> 0￿| lv d frpsohwho| udqgrp whup zklfk uhsuhvhqwv
vshflfdwlrq dqg phdvxuhphqw huuruv1<













;Wklv lv d vlplodu iudphzrun wr wkdw ri Wrsho +4<<4,1 Krzhyhu/ zh zloo qrw dwwhpsw wr
hvwlpdwh vwuxfwxudo sdudphwhuv iru uhwxuqv wr whqxuh dqg jhqhudo oderu pdunhw h{shulhqfh/
zklfk zrxog/ ri frxuvh/ eh srvvleoh/ jlyhq wkh lqirupdwlrq lq wkh gdwd1 Zh zloo/ krzhyhu/
frqfhqwudwh rq wkh uhwxuqv wr ulvn h{srvxuh1
<Wklv lv d irupxodwlrq xvhg lq h1j1 PdFxug| +4<;5,1
4:zkhuh 1
￿
￿ duh huuru whupv gxh wr wkh rswlpl}dwlrq ehkdylru ri wkh lqglylgxdo/
0
￿
￿| duh sxuh phdvxuhphqw huuruv dqg 3￿| lv d yhfwru ri h{rjhqrxv yduldeohv1
Wkh zrunhu*v ryhudoo delolw|/ >￿c pd| eh fruuhodwhg zlwk ulvn h{srvxuh iru
wzr uhdvrqv +vhh Ylvfxvl/ 4<<6,1 Iluvw/ >￿ lv olnho| wr eh wkh pdlq ghwhuplqdqw
ri wkh zrunhu*v zhdowk ryhu klv olih wlph1 Li vdihw| lv d qrupdo jrrg/ wkh
zrunhu*v ghpdqg iru vdihw| lv dq lqfuhdvlqj ixqfwlrq ri olihwlph zhdowk dqg
wkh ohyho ri ulvn dqg >￿ zloo eh qhjdwlyho| fruuhodwhg1 Vhfrqg/ lw lv sodxvleoh
wkdw zrunhuv zlwk d kljk >￿ kdyh d odujhu hohphqw ri up0vshflf wudlqlqj1 Dv
wudlqlqj lv riwhq dq lqyhvwphqw pdgh e| hpsor|huv/ wkh| kdyh pruh lqfhqwlyhv
wr surwhfw wkhvh zrunhuv iurp ulvnv lq wkh zrun hqylurqphqw1
Lw fdq eh dujxhg wkdw U￿ lq wkh udqgrp vshflfdwlrq duh olnho| wr ghshqg
rq 4￿| wkurxjk wkh rswlpl}dwlrq ehkdylru lq 1
￿
￿c l1h1/ .EU￿m4￿| 9'f 1I r u
lqvwdqfh/ Urvhq +4<;9, vkrzv yhu| frqylqflqjo| wkdw zrunhuv lq mrev zlwk
kljk ulvn h{srvxuh duh/ rq dyhudjh/ olnho| wr kdyh suhihuhqfhv pdnlqj wkhp ohvv
ulvn dyhuvh1 Lw fdq eh k|srwkhvl}hg wkdw wkhvh zrunhuv duh pruh surgxfwlyh
lq mrev zlwk kljk ulvn h{srvxuh1 Dq h{wuhph h{dpsoh lv zlqgrz fohdqhuv rq
vn| vfudshuv= wkrvh zkr duh qrw dyhuvh wr ehlqj h{srvhg wr wkh ulvn ri kljk
khljkwv duh suredeo| pruh h!flhqw lq shuiruplqj wkhlu mre1
Lq vrfldo phglflqh/ lw lv d zhoo0nqrzq uhvxow wkdw zrunhuv lq mrev zlwk
kljk ulvn h{srvxuh/ erwk dv frqfhuqv dfflghqwv dqg zrun0uhodwhg glvhdvhv/ rq
dyhudjh kdyh d ehwwhu khdowk vwdwxv wkdq zrunhuv h{srvhg wr orz ulvnv lq wkhlu
zrun hqylurqphqw/ ghvslwh wkh ghwulphqwdo hhfw ri wkh zrun hqylurqphqw wr
wkhlu khdowk143 Zrunhuv zlwk jrrg khdowk duh/ ri frxuvh/ olnho| wr shuirup ehw0
43Wkh vr0fdoohg khdowk| zrunhu hhfw +vhh h1j1 Ùvwolq/ 4<;</ iru d uhylhz ri wkhvh
uhvxowv,1
4;whu lq sk|vlfdoo| ghpdqglqj mrev/ zklfk prvw riwhq kdyh d kljk ulvn h{srvxuh
wr zrun0uhodwhg glvhdvhv1
Wr vxp xs/ wklv prgho frqvlghuv erwk hqgrjhqhlw| dqg vhohfwlrq lqwr mrev
zlwk kljk ulvn h{srvxuh1 Lw lv d sduwldo lq wkh vhqvh wkdw lw grhv qrw frq0
vlghu wkh surgxfwlrq vlgh dqg wkh frvwv ri surylglqj vdihw| dw wkh zrunsodfh1
Wkh irfxv ri wklv vwxg| lv wr hvwlpdwh wkh dyhudjh zrunhu ydoxdwlrq ri ulvn
h{srvxuh/ l1h1/ wkh hhfw ri ulvn h{srvxuh rq zdjhv1
8H v w l p d w l r q
Zh revhuyh d uhvwulfwhg vhw ri fkdudfwhulvwlfv dw wkh zrunsodfh> Wkh ulvn
h{srvxuh wr zrun dfflghqwv +Z￿
￿|/ wkh ulvn h{srvxuh wr zrun0uhodwhg glvhdvhv
+Z2
￿| dqg vl}h ri zrunsodfh +￿| Lq wkh iroorzlqj zh fkrrvh wr lqfoxghg wkh
ulvn yduldeohv ￿| 'E * ? Z￿
￿|c*?Z2
￿| lq orjdulwkplf irup zkloh wkh up vl}h
lv phdvxuhg e| d idfwru lq hljkw ohyhov e| wkh qxpehu ri hpsor|hhv dw wkh
zrunsodfh1 Wkh uhgxfhg irup prgho lv irupxodwhg dv
￿| ' >￿ n ￿| n  ￿| n ￿4￿| n 0￿|c +7,




Lq hvwlpdwlqj wklv prgho/ zh iroorz wkh dssurdfk ri PdFxug| +4<;5,1
W d n l q jw k hg l  h u h q f h vr i+ 7 , /z hj h w
{￿| ' ￿ n{  ￿| n {4￿| n ￿|c +8,


















4<Qrw rqo| duh wkh lqglylgxdo hhfwv >￿c zklfk fdxvhg wkh hqgrjhqhlw|
sureohp +vhh Gxqfdq dqg Kropoxqg/ 4<;7,/ uhpryhg e| glhuhqflqj/ wkh
rswlpl}dwlrq huuruv/ 1
￿
￿c duh dovr uhpryhg e| glhuhqwldwlqj 4￿| xqghu wkh dv0
vxpswlrq wkdw .EU￿m4￿|4￿|3￿'f 1 Wklv dvvxpswlrq uhtxluhv wkdw fkdqjhv
lq ulvn h{srvxuh dqg up vl}h duh xqfruuhodwhg zlwk wkh xqrevhuydeohv/ l1h1/
qr ixuwkhu rswlpl}dwlrq edvhg rq xqrevhuydeohv fruuhodwhg zlwk U￿ wdnhv sodfh
zkhq fkdqjlqj mrev1
Lq wklv uhvshfw wklv prgho glhuv iurp wkh Il{hg hhfwv/ ru Zlwklq/ hvwl0
pdwru zklfk/ vwduwlqj zlwk Eurzq +4<;3,/ kdv ehhq xvhg lq vhyhudo vwxglhv rq
frpshqvdwlqj zdjh glhuhqwldov1 Wkh Zlwklq hvwlpdwru lv frqvlvwhqw li wkh
fryduldwhv duh vwulfwo| h{rjhqrxv +l1h1 zh frqglwlrq rq wkh zkroh sdwk ri h{0
sodqdwru| yduldeohv, zkhuhdv wkh Iluvw glhuhqfh hvwlpdwru lv frqvlvwhqw li zh
fdq frqglwlrq rq wkh fryduldwhv dw wlph shulrg | dqg | Wklv lpsolhv wkdw
zh qhhg wr dvvxph wkdw wkh rswlpl}dwlrq huuruv/ 1
￿
￿ duh frqvwdqw wkurxjkrxw
wkh zkroh wlph shulrg lq rughu iru wkh Zlwklq hvwlpdwru wr eh frqvlvwhqw1





￿|3￿ lv frqvwdqw dqg lqghshqghqw zlwk {4￿| zklfk lv d ohvv uhvwulfwlyh
dvvxpswlrq1
J l e e r q vd q gN d w }+ 4 < < 5 ,j l y h vd qh { d p s o hz k h u hw k l vu h t x l u h p h q wg r h v
qrw krog= zrunhuv prylqj lq uhvsrqvh wr jrrg qhzv frqfhuqlqj wkhlu delo0
lwlhv duh olnho| wr pryh wr mrev zlwk erwk kljkhu zdjhv dqg ehwwhu zrunlqj
frqglwlrqv/ zkloh wkh uhyhuvh lv olnho| wr rffxu iru zrunhuv prylqj lq uhvsrqvh
wr edg qhzv frqfhuqlqj wkhlu delolwlhv1 Li wklv ghvfulswlrq ri zrunhu prelolw|
lv hpslulfdoo| lpsruwdqw/ lw zloo fdxvh lqfrqvlvwhqflhv iru erwk wkh Zlwklq
dqg Iluvw glhuhqfh hvwlpdwruv1 Krzhyhu/ iroorzlqj wkh glvfxvvlrq deryh/ wkh
53Zlwklq hvwlpdwru zloo eh ohvv urexvw wr wkh ylrodwlrq ri wkh prgho dvvxpswlrq1
Wkh prvw lpsruwdqw vrxufh ri vkrfnv wr wkh sulfh ri xqphdvxuhg delolw| iru
eoxh froodu zrunhuv rq wkh Vzhglvk oderu pdunhw lv olnho| wr eh lq uhodwlrq wr
up forvxuh/ ru li d zrunhu iru vrph rwkhu uhdvrq orvhv klv ru khu mre1 Lq rwkhu
frqwh{wv/ wkh pdjqlwxghv ri wkhvh fkrfnv duh olnho| wr eh yhu| prghvw rq wklv
kljko| xqlrql}hg oderu pdunhw1 Wr plqlpl}h wkh hhfw ri wklv hqgrjhqhlw|
sureohp lq wkh hpslulfdo dqdo|vlv zh kdyh h{foxghg zrun vshoov lpphgldwho|
iroorzlqj xqhpsor|phqw vshoov lq wkh hpslulfdo dqdo|vlv1
Ilqdoo|/ li wkh hduqlqjv jurzwk udwh khwhurjhqhlw| ￿ lv xqfruuhodwhg zlwk
wkh rwkhu h{sodqdwru| yduldeohv/ zh pd| jdlq h!flhqf| e| wuhdwlqj lw dv
udqgrp1 Rq wkh rwkhu kdqg/ li ￿ 9'fd q gl wz h u hf r u u h o d w h gz l w kh 1 j 1*?Z￿
￿|
dqg *?Z2
￿|c wklv hvwlpdwru zrxog qrw eh frqvlvwhqw1 Lq wklv fdvh/ wkh zlwklq
hvwlpdwru/ l1h1/ d {hg hhfw iru hdfk ￿/ zrxog eh d frqvlvwhqw hvwlpdwru1
Wkh hpslulfdo olwhudwxuh rq frpshqvdwlqj zdjh glhuhqwldov glvwlqjxlvkhv
ehwzhhq phdvxuhphqw dqg shufhswlrq huuruv ri zrunsodfh ulvn h{srvxuh +vhh
h1j1 Ylvfxvl/ 4<<6/ ru Vplwk/ 4<:<,1 Li wkhvh huuruv duh sxuho| udqgrp/ wkh|
duh olnho| wr kdyh wkh vdph hhfwv rq wkh frpshqvdwlqj zdjh glhuhqwldo
hvwlpdwhv/ l1h1/ dwwhqxdwh wkh uhodwlrqvkls ehwzhhq ulvn h{srvxuh dqg frp0
shqvdwlrq1 Wkh lqwhusuhwdwlrq ri wkh uhvxow lv/ qhyhuwkhohvv/ yhu| glhuhqw= lq
wkh fdvh ri phdvxuhphqw huuruv/ lw lv d whfkqlfdo sureohp ri eldvhg hvwlpdwhv>
lq wkh fdvh ri shufhswlrq huuruv/ lw lv d ihdwxuh ri wkh oderu pdunhw wkdw wkh
uhodwlrqvkls ehwzhhq ulvn h{srvxuh dqg frpshqvdwlrq dsshduv wr eh zhdnhu
wkdq wkh dfwxdo uhwxuqv wr ulvn h{srvxuh1 Wkh shufhswlrq huuruv fdq dovr eh
v|vwhpdwlf1 Lq sv|fkrorjlfdo vwxglhv/ lw kdv ehhq irxqg wkdw shrsoh whqg wr
ryhuhvwlpdwh wkh suredelolw| ri xqolnho| hyhqwv +olnh dlusodqh dfflghqwv, dqg
54xqghuhvwlpdwh wkh suredelolw| ri frpsdudwlyho| olnho| hyhqwv +olnh kdylqj d
khduw dwwdfn,1 Wklv zloo fdxvh d v|vwhpdwlf huuru dqg d grzqzdug eldv lq wkh
hvwlpdwhv ri wkh frpshqvdwlqj zdjh glhuhqwldov1
Wkh gdwd rq ulvn duh olnho| wr frqwdlq erwk shufhswlrq dqg phdvxuhphqw
huuruv1 Iluvw/ vlqfh wkh| duh remhfwlyh phdvxuhv/ wkhuh lv olnho| wr eh d glv0
fuhsdqf| ehwzhhq wkrvh dqg wkh vxemhfwlyh rqhv/ dqg wkxv d shufhswlrq huuru1
Vhfrqg/ lq dgglwlrq wr wkh gl!fxowlhv lq phdvxulqj ulvn h{srvxuh/ wkhuh zloo
prvw olnho| eh wzr vrxufhv ri phdvxuhphqw huuruv1 Vlqfh wkh qxpehu ri rf0
fxsdwlrqv lv vr odujh/ vrph rffxsdwlrqv zloo eh yhu| qduurz dqg wkh ulvn ri
plv0fodvvlfdwlrq lv odujh1 Pruhryhu/ dv wkh ulvn h{srvxuh gdwd duh pdwfkhg
e| rffxsdwlrqdo frgh/ wkhuh lv olnho| wr eh d zlwklq jurxs yduldwlrq wkdw lv
qrw phdvxuhg1
Dv ghvfulehg lq Vhfwlrq 6/ wkh gdwd surylgh xv zlwk phdvxuhv ri wzr gli0
ihuhqw nlqgv ri ulvn h{srvxuh= Z￿ zklfk lv wkh ulvn h{srvxuh wr dfflghqwv
dqg Z2 zklfk lv wkh ulvn h{srvxuh wr zrun0uhodwhg glvhdvhv1 Dvvxph wkdw









iru ulvn h{srvxuh wr zrun0uhodwhg glvhdvhv/ zkhuh R￿
￿| dqg R2
￿| duh wkh rffx0




￿| wkh phdvxuhphqw huuruv1 Wdnlqj









￿| Lqvhuwlqj wklv lqwr
htxdwlrq +7,/ zh jhw







￿￿| n #￿|c +9,











￿| n k￿ n 0￿|
55Dw suhvhqw/ dvvxph qr khwhurjhqhlw|1 Zh wkhq kdyh d fodvvlfdo phdvxuh0
phqw huuru dqg wkh ROV hvwlpdwru ri +9, zloo eh eldvhg grzqzdugv1 Xqghu




￿| gr qrw fkdqjh wkh ru0





lqvwuxphqwv dqg hvwlpdwh wkh uhwxuqv wr ulvn h{srvxuh frqvlvwhqwo|1
W d n l q jw k hg l  h u h q f h vr i+ 9 , /z hj h w
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Iroorzlqj wkh deryh glvfxvvlrq/ S￿
￿cS 2
￿ dqg S￿
￿ duh lqghshqghqw ri {*?R￿
￿|c
{*?R2
￿| dqg {￿|1 Wkh wklug dqg irxuwk whupv rq wkh uljkw0kdqg vlgh duh fru0
uhodwhg zlwk {*?R￿
￿| dqg {*?R2
￿| ehfdxvh ri wkh huuruv lq yduldeohv dqg khqfh/
wkh ROV hvwlpdwru lv eldvhg1 Krzhyhu/ wkh glhuhqwldwhg zdjh htxdwlrq fdq
eh frqvlvwhqwo| hvwlpdwhg xqghu wkh dvvxpswlrq wkdw wkh huuruv gr qrw fkdqjh
wkh udqnlqj lq ulvn h{srvxuh ri wkh wzr rffxsdwlrqv lqyroyhg zkhq d zrunhu





duh xvhg dv lqvwuxphqwv1
Qrwh wkh glhuhqfh ehwzhhq wkh lqirupdwlrq uhtxluhphqwv iru wkhvh wzr
hvwlpdwruv= wkh lqvwuxphqw fruuhvsrqglqj wr wkh Ohyhov hvwlpdwru uhtxluhv
wkdw wkh udqnlqj lq ulvn h{srvxuh iru doo rffxsdwlrqv lv pdlqwdlqhg zkhq wkh
huuruv duh lqwurgxfhg/ zkloh wkh lqvwuxphqw iru wkh glhuhqfh hvwlpdwru rqo|
uhtxluhv wkdw wkh udqnlqj ri wkh wzr rffxsdwlrqv lqyroyhg lq d mre fkdqjh lv
pdlqwdlqhg1 Wklv lv ri ixqgdphqwdo lpsruwdqfh iru wkh shufhswlrq huuru1 Lw
56lv sodxvleoh wkdw wkh zrunhu lv deoh wr frpsduh dqg udqn wkh ulvn h{srvxuh
zkhq prylqj iurp rqh mre wr dqrwkhu1 Krzhyhu/ lw lv qrw olnho| wkdw zrunhuv
lq jhqhudo duh deoh wr pdnh d frpsohwh udqnlqj ri ulvn h{srvxuh iru glhuhqw
rffxsdwlrqv1
9U h v x o w v
Wdeoh 7 vkrzv vdpsoh ghvfulswlyh vwdwlvwlfv ri wkh lqfoxghg yduldeohv1 Vlqfh
zh xvh glhuhqwldwhg gdwd/ zh duh edvlfdoo| lghqwli|lqj wkh ulvn frpshqvdwlrq
xvlqj rqo| wkh zrunhuv zkr fkdqjhg wkhlu rffxsdwlrqdo frgh lq wkh wlph
shulrg fryhuhg e| wkh sdqho1 Wkhuhiruh/ Wdeoh 7 uhsruwv ghvfulswlyh vwdwlvwlfv
0 vhsdudwho| iru wkh ihpdohv dqg pdohv 0 iru wzr vxe0vdpsohv= rqh frqwdlqlqj
lqglylgxdov zkr kdyh dfwxdoo| fkdqjhg wkhlu rffxsdwlrqdo frgh E dqg rqh
zlwk wkrvh zkr kdyh qrw E1 Wklv hqdeohv xv wr vhh li wkh vdpsoh xvhg lq
lghqwli|lqj wkh frpshqvdwlqj yduldwlrq glhuv udglfdoo| iurp wkh uhvw rq wkh
revhuydeoh fkdudfwhulvwlfv1
D vf d qe hv h h ql qW d e o h7 /g r h vd o p r v w8 8s h u f h q wr iw k hp d o h vf k d q j h
rffxsdwlrq zkloh rq| 75 shufhqw ri wkh ihpdov fkdqjh rffxsdwlrq1 Wkh phdq
orj zdjhv iru wkh  duh d vrpzkdw odujhu +krzhyhu qrw vwdwlvwlfdoo| vljql0
fdqw, iru erwk wkh ihpdohv dqg pdohv wkdq iru wkh  vxevdpsoh1 Krzhyhu/ wkh
dyhudjh zdjh lqfuhdvh/ phdvxuhg e| wkh uvw glhuhqfh lq orj zdjhv/ lv vrph0
zkdw kljkhu lq wkh erwk  vdpsoh1 Wkhvh glhuhqfhv fdq/ wr vrph h{whqw/ eh
h{sodlqhg e| wkdw |hduv ri zrun h{shulhqfh +.f.- lv odujhu dprqj wkh
 wkdq dprqj wkh  iru erwk jhqghuv1
Ixuwkhupruh/ wkh frpsdulvrq vkrzv wkdw wkh ulvn lqglfhv duh kljkhu iru wkh
pdohv wkdq iru wkh ihpdov dqg wkdw erwk ulvn lqglfhv 0 iru erwk jhqghuv 0 duh
57voljkwo| vpdoohu iru wkh fkdqjhuv frpsduhg wr qrq0fkdqjhuv1 Wkh glhuhqfh
lv vrphzkdw 0 iru erwk jhqghuv 0 odujhu iru zrun dfflghqw/ dowkrxjk wkhuh
lv qr vljqlfdqw glhuhqfh ehwzhhq wkh wzr jurxsv1 Wkh fkdqjhv iru erwk
ulvn lqglfhv/ {*?R￿ dqg {*?R2c duh qhjdwlyh1 Wklv phdqv wkdw/ rq dyhudjh/
zrunhuv fkrrvh vdihu mrev zkhq wkh| ehfrph roghu1
Ilup vl}h lv phdvxuhg e| d idfwru lq hljkw ohyhov e| wkh qxpehu ri hp0
sor|hhv dw wkh zrunsodfh +￿ ' c 2 '2 bc ￿ ' f bc e '2 f eb
D 'D fbbc S ' f febbc . ' Dffbbb dqg H uhsuhvhqwv pruh wkdq
4/333 hpsor|hv,1 Wkhuh duh qr odujh jhqghu glhuhqfhv zlwk uhvshfw wr wkh
up vl}h yduldeoh1 Iru erwk jhqghuv zh fdq vhh wkdw wkhuh lv d whqghqf| wkdw
rq dyhudjh/ wkh zrunhuv lq wkh  vdpsoh jr wr odujhu upv/ zkloh wkh vdph
whqghqf| fdq qrw eh vhhq dqrqj wkh  vdpsoh144
Dv wkh qxpehu ri revhuydwlrqv ryhu wkh |hduv 4<:404<<4 lv txlwh htxdoo|
glvwulexwhg/ zh kdyh h{foxghg ghvfulswlyh vwdwlvwlfv iru wkh lqglfdwru yduldeohv
iru hdfk |hdu/ zklfk duh dovr lqfoxghg lq wkh vshflfdwlrq1
Wkh uvw vhw ri uhvxowv lv vkrzq lq Wdeoh 8 dqg Wdeoh 91 Wdeoh 8 vkrzv
ROV dqg wkh Zlwklq hvwlpdwru +{hg hhfwv, rq erwk ohyhov dv zhoo dv
uvw glhuhqfh gdwd1 Wdeoh 9 vkrzv wkh fruuhvsrqglqj LY uhvxowv1 Iru wkh
wzr prghov lq ohyhov/ zh xvh khwhurvfhgdvwlflw| frqvlvwhqw hvwlpdwruv ri wkh
fryduldqfh pdwul{ +fi1 Zklwh/ 4<;3 dqg Duhoodqr/ 4<;:,1 Iru wkh prghov lq
uvw glhuhqfh/ d uvw0rughu Qhzh| dqg Zhvw +4<;:, hvwlpdwru lv xvhg wr wdnh
44Revhuyh wkdw wkh lqglylgxdov lq wkh QF vdpsoh fkdqjh mrev/ krzhyhu qrw rffxsdwlrq1
58Wdeoh 7= Vdpsoh ghvfulswlyh vwdwlvwlfv iru wkh wzr vxe0vdpsohv= %rffxsdwlrq0
fkdqjhuv% +F, dqg %qrq rffxsdwlrq0fkdqjhuv% +QF,1
Pdohv Ihpdohv
(? 'e cfSf (? ' cHb (? '2 c.be (? ' c..e
+r+r+r+r
 8147; 3166; 814;; 31676 71:7; 31857 71:<5 31763
*?R￿ 314;4 31;97 31644 31:;4 0316;; 31;68 031746 31;35
*?R2 31757 31;3< 317:8 31:7: 031<8: 31<:6 031<9< 31<98
{ 31366 315<: 3134; 31585 3138< 3168; 3137; 315<7
{*?R￿ 031346 316:5 31333  031339 316<3 31333 
{*?R2 03133; 3167: 31333  031333 3174; 31333 
 31449 31654 31333  3146; 31678 31333 
￿ 31346 31449 31335 31375 31377 31539 31358 3148:
2 31497 316:4 3144< 31657 314<7 316<8 31488 31695
￿ 31438 31639 313<< 315<< 3145: 31666 3143< 31644
e 31487 31694 3154; 31746 314:5 316:; 31549 31744
D 31453 31658 3149: 316:6 313;7 315:; 31486 31693
S 3156< 31759 31568 31757 31546 3173< 31536 31735
. 31393 3156; 31387 31559 31387 31558 31379 3153<
H 31477 31684 31439 3163: 31446 3164: 313<6 315<4
{￿ 31333 3139; 31333 31363 031337 31454 031333 31369
{2 031334 314;7 31335 31436 031339 3153: 31333 313;9
{￿ 031336 314:; 31334 3143< 031335 314:; 31333 313<8
{e 031335 314<: 31334 31457 31337 314<4 31333 31433
{D 31335 31497 031335 31433 31334 3147< 31333 31398
{S 31335 314;; 031334 31437 31334 314<: 31334 313;4
{. 31334 31446 031334 31395 31336 31437 31334 31384
{H 31334 3146< 31333 313:8 31336 31469 031335 31394
.f.- 4:1<58 4317<: 4<1<:8 431:73 481:56 <1644 4:1397 <17:<
59Wdeoh 8= Uhvxowv iru wkh ROV dqg zlwklq hvwlpdwru iru wkh zdjh htxdwlrq
lq ohyho dqg glhuhqfh1 Vwdqgdug huuruv duh fdofxodwhg xvlqj urexvw KDF
hvwlwpdwruv +fi1 Gdylgvrq dqg PdfNlqqrq/ 4<<6/ fk1 4:,1 Doo prghov ehorz
dovr lqfoxgh dq lqglfdwru yduldeoh iru hdfk |hdu lqfoxghg lq wkh vdpsoh +{hg
wlph hhfwv,1
Pdohv
Ohyho ? 'H ce Glhuhqfh ? '. ceeb
ROV Zlwklq ROV Zlwklq
e w e w*e je w e w e w*e je w e w e w*e je w e w e w*e je w
k 718<5 4571996
*?R￿*￿ 31375 5168: 31343 31697 31399 518;< 3139: 41999
*?R2*2 03138< 06135< 031336 0313<4 03137: 0417;< 031377 031;98
￿ 03146< 051834 031475 051745 0313<6 0319;8 0313:9 0316:<
￿ 313<9 61533 031363 031:;: 031398 041959 031394 031<<5
e 313<8 61873 031334 031348 3136< 31<;4 31386 31;68
D 3147; 61996 31394 41:9; 31389 416:8 31394 31<<9
S 31479 8169: 31353 316<< 3138; 41797 31397 41386
. 3148; 61;7; 03136: 031997 031337 0313:7 31344 3144<
H 31499 8184< 313<3 513:7 31396 41857 31394 31<96
.f.- 3136; 471974 0313:8 051889 31336 31444
.f.-2 031334 0441946 031334 04518;4 031334 04617<9 313;3 ;1467
 3135: 41835 31355 31::8
Ihpdohv
Ohyho ? '. cbe Glhuhqfh ? 'S cDSH
ROV Zlwklq ROV Zlwklq
e w e w*e je w e w e w*e je w e w e w*e je w e w e w*e je w
k 71388 971654
*?R￿*￿ 031368 041674 31379 41359 031339 03154: 031358 0318;:
*?R2*2 031358 0416:6 031343 0315;4 31345 317<< 31366 31;<7
￿ 031473 04174: 3138: 31746 031395 031<73 0313;: 031;6;
￿ 31447 513<: 31546 6139: 31449 51:<8 31459 51389
e 31468 51;4: 31594 613<7 3145< 61533 31445 41<7;
D 314;; 61:<8 316<: 71447 313;; 41;48 313:7 413;<
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5:Wdeoh 9= Uhvxowv iru wkh LY hvwlpdwru iru wkh zdjh htxdwlrq lq ohyhov dqg
glhuhqfh zdjh htxdwlrq1 Wkh vwdqgdug huuruv duh fdofxodwhg xvlqj urexvw
KDF hvwlwpdwruv +fi1 Gdylgvrq dqg PdfNlqqrq/ 4<<6/ fk1 4:, Lq doo prghov
ehorz/ zh dovr frqwuro iru {hg wlph hhfwv
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 031349 031:95 031376 041;85 5;wr wkh uvw0rughu fruuhodwlrq fuhdwhg e| glhuhqwldwlqj wkh gdwd frqvlghuhg145
Dv lv hylghqw iurp Vhfwlrq 8 duh wkhvh hvwlpdwruv frqvlvwhqw xqghu sduwlf0
xodu vhw ri dvvxpswlrqv frqfhuqlqj zrunhu khwhurjhqhlw| dqg phdvxuhphqw
huuruv1 +4, Li wkhuh duh qhlwkhu phdvxuhphqw huuruv qru hqgrjhqhlw| dqg vh0
ohfwlrq doo hvwlpdwruv duh frqvlvwhqw1 +5, Li wkhuh duh qr phdvxuhphqw huuruv
dqg qr vhohfwlrq/ wkh ROV hvwlpdwru lv qrw frqvlvwhqw1 +6, Li wkhuh duh qr
phdvxuhphqw huuruv/ wkh Zlwklq hvwlpdwruv rq uvw glhuhqfh gdwd duh frq0
vlvwhqw1 +7, Li phdvxuhphqw huuruv duh suhvhqw/ wkh fruuhvsrqglqj LY Zlwklq
hvwlpdwru lv frqvlvwhqw1
Lw lv srvvleoh wr whvw ehwzhhq wkh glhuhqw prghov xvlqj Gxuelq0Kdxvpdq0
Zx vshflfdwlrq whvwv dqg zh zloo gr vxfk whvwv1 Zh kdyh/ krzhyhu/ fkrvhq
wr dovr suhvhqw uhvxowv iurp wkh hvwlpdwhv ri doo wkh glhuhqw prghov/ iru wzr
uhdvrqv1 Iluvw/ wkh srzhu ri vxfk whvwv lv nqrzq wr eh yhu| orz1 Suhvhqwlqj
wkh uhvxowv iurp hvwlpdwlrqv xqghu glhuhqw vhwv ri dvvxpswlrqv hqdeohv xv
wr mxgjh wkh urexvwqhvv ri wkh hvwlpdwruv1 Vhfrqg/ e| vwxg|lqj lq zklfk
gluhfwlrq dqg e| zkdw pdjqlwxgh wkh hvwlpdwhv fkdqjh/ zh fdq vwxg| wr
zkdw h{whqw hqgrjhqhlw|/ vhohfwlrq dqg phdvxuhphqw huuruv duh suhvhqw1
Wkhuh duh wkuhh pdlq vhwv ri yduldeohv1 Iluvw/ wkh wzr phdvxuhv ri ulvn
h{srvxuh/ vhfrqg d yhfwru ri lqglfdwru yduldeohv/ c iru glhuhqw up vl}hv
phdvxuhg dv wkh qxpehu ri hpsor|hhv dw wkh zrunhu*v zrunsodfh dqg wklug/ d
yduldeoh iru jhqhudo oderu pdunhw h{shulhqfh dqg lwv vtxduh1 Ilqdoo|/ zh kdyh
lqfoxghg dq lqglfdwru yduldeoh/ / zklfk wdnh wkh ydoxh rqh iru wkrvh zkr
45Zh h{shulphqwhg zlwk wkh odj ohqjwk lq wkh hvwlpdwlrq ri wkh Qhzh| dqg Zhvw fr0
yduldqfh pdwul{1 Krzhyhu/ yhu| vpdoo fkdqjhv +wklug ghflpdo, lq wkh hvwlpdwlrq ri wkh
vwdqgdug huuruv ri wkh hvwlpdwhv zhuh irxqg1
5<fdkdqjh rffxsdwlrqho frgh/ l1h1/ lw phdvxuhv wkh dyhudjh uhwxuqv ri fkdqjlqj
rffxsdwlrq1
Wkh irfxv ri wklv vwxg| lv rq wkh wzr phdvxuhv ri ulvn h{srvxuh1 Ohw
xv ehjlq e| h{dplqlqj wkh uhvxowv iurp wkh pdoh vxe0vdpsoh1 Froxpqv wzr
dqg wkuhh lq Wdeoh 8 vkrz wkdw wkh ROV prgho jlyhv vljqlfdqwo| qhjdwlyh
frpshqvdwlqj zdjh glhuhqwldov iru wkh ulvn iru zrun0uhodwhg glvhdvhv1 Wklv
xqh{shfwhg hhfw glvdsshduv/ krzhyhu/ zkhq {hg hhfwv duh lqfoxghg wr
frqwuro iru hqgrjhqhlw| dqg vhohfwlrq lq wkh Zlwklq hvwlpdwru dqg lw fdqqrw
eh irxqg lq wkh vxevhtxhqw hvwlpdwruv1
Wkh uvw glhuhqfh Zlwklq hvwlpdwru dqg fruuhvsrqglqj LY hvwlpdwru/
uhpryhv lqglylgxdo0vshflf zdjh surohv1 Edvhg rq d Gxuelq0Kdxvpdq0Zx
whvw/ d udqgrp frh!flhqw vshflfdwlrq ri ￿ lv uhmhfwhg146 Wkh uhvxowv iurp
wkhvh hvwlpdwruv duh vlplodu wr wkh ROV +LY, hvwlpdwru lq glhuhqfh/ krzhyhu
zlwk ohvv suhflvlrq1 Wkh hhfw ri *?R￿ kdv lqfuhdvhg iurp wkh zlwklq hvwlpd0
wruv1 Wklv lpsolhv wkdw doo hvwlpdwruv h{fhsw iru wkh Iluvw glhuhqfh0Zlwklq
hvwlpdwru duh eldvhg +hyhq li wkhuh lv qr phdvxuhphqw huuru,1 Wkh hhfw ri
qhjohfwlqj ￿ zrxog eh wkdw wkh frpshqvdwlqj yduldwlrq lv xqghuhvwlpdwhg1
Wkh ulvn phdvxuhv duh qrw vljqlfdqwo| glhuhqw iurp }hur lq dq| ri wkhvh
prghov1
W k hh v w l p d w h vr qw k hi h p d o hv x e 0 v d p s o hs u r y l g h vdv r p h z k d wg l  h u h q w
slfwxuh1 Wkh frh!flhqw iru zrun dfflghqw ulvn h{srvxuh lv qrw vljqlfdqwo|
glhuhqw iurp }hur lq dq| ri wkh hvwlpdwhg prghov1 Krzhyhu/ wkh hhfw ri
ulvn h{srvxuh wr zrun0uhodwhg glvhdvhv lv prqrwrqrxv lqfuhdvlqj zlwk wkh ohvv
uhvwulfwlrqv sxw rq wkh hvwlpdwru1 Wkh hhfw lv vljqlfdqwo| srvlwlyh lq wkh
46Wkh Kdxvpdq whvw lv 7<159 zlwk 64 ghjuhhv ri iuhhgrp jlyhv d s0ydoxh ohvv wkhq 31351
63uvw glhuhqfh LY Zlwklq hvwlpdwru1 Jlyhq wkh dvvxphg eldv ri hqgrjhqhlw|/
vhohfwlrq dqg shufhswlrq +ru phdvxuhphqw huuru, wklv lv zkdw fdq eh h{shfwhg1
Dowkrxjk vhfrqgdu| lq wklv vwxg|/ wkh hvwlpdwhv ri wkh  yhfwru jlyh
vhyhudo vljqlfdqw uhvxowv1 2/ zrunsodfhv ehwzhhq 5 dqg < hpsor|hhv/ lv
wkh rplwwhg fdwhjru|1 Wkh ROV hvwlpdwhv vkrz d prqrwrqlfdoo| lqfuhdvlqj
zdjh suhplxp iru ehlqj hpsor|hg e| d odujh hpsor|hu1 Iru wkh pdoh vxe0
vdpsoh/ wklv vhhpv prvwo| wr eh dq hhfw ri hqgrjhqhlw| dqg vhohfwlrq/ dv wkh
hvwlpdwhv duh qrw vljqlfdqwo| glhuhqw iurp }hur zkhq wkh uvw glhuhqfh
Zlwklq hvwlpdwru lv xvhg1 Wklv grhv qrw vhhp wr eh wkh fdvh iru wkh ihpdoh
vxe0vdpsoh/ krzhyhu= Wkh prqrwrqh lqfuhdvh uhpdlqv/ dowkrxjk rq d voljkwo|
orzhu pdjqlwxgh/ dovr zkhq zh frqwuro iru hqgrjhqhlw| dqg vhohfwlrq1
Wkh hvwlpdwhv iru zrun h{shulhqfh pd|/ dw uvw vljkw/ vhhp vrphzkdw
frqixvlqj dv wkh| fkdqjh vljqv iurp ehlqj vljqlfdqwo| srvlwlyh lq wkh
ROV prgho/ wr ehlqj vljqlfdqwo| qhjdwlyh lq wkh Zlwklq hvwlpdwru prgho1
Krzhyhu/ uhphpehu wkdw wkh vshflfdwlrq dovr lqfoxghv dq lqglfdwru yduldeoh
iru hdfk |hdu lqfoxghg lq wkh sdqho1 Dv wkhvh h{wudfw hyhu| srvvleoh wuhqg/
wkh qhjdwlyh frh!flhqw iru zrun h{shulhqfh whoov xv wkdw hduqlqjv lqfuhdvh dw
d ghfuhdvlqj udwh ryhu wkh olih f|foh/ l1h1/ wkh h{shulhqfh0hduqlqjv suroh lv
frqfdyh1
Ilqdoo|/ ohw xv wxuq wr wkh hhfw ri wkh 4<:: uhirup ri wkh frpsxovru|
Zrun lqmxu| lqvxudqfh1 Wkhuh zhuh durxqg 68 fkdqjhv ri rffxsdwlrqv hdfk
|hdu ehiruh wkh uhirup lq 4<::1 Lq wkh hud ehiruh wkh uhirup/ l1h1/ b.fb../
wkhuh zhuh h{dfwo| 55: fkdqjhv dqg wkh hud diwhu wkh uhirup frqwdlqv 95;
fkdqjhv lq rffxsdwlrq1 Lq rughu wr vdyh ghjuhhv ri iuhhgrp/ zh kdyh olplwhg
wkh dgglwlrqdo yduldeoh wr dq lqwhudfwlrq ehwzhhq dq lqglfdwru yduldeoh iru wkh
64Wdeoh := Hvwlpdwhg hhfw +LY0Zlwklq hvwlpdwru rq wkh glhuhqfhv zdjh htxd0
wlrq, ri wkh 4<:: uhirup1 Pdoh dqg ihpdoh vxe0vdpsohv/ uhvshfwlyho|1Wkh
vwdqgdug huuruv duh fdofxodwhg xvlqj urexvw KDF hvwlwpdwruv +fi1 Gdylgvrq
dqg PdfNlqqrq/ 4<<6/ fk1 4:, Lq erwk prghov/ zh dovr frqwuro iru {hg wlph
hhfwv
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65uhirup +-.8-/ zklfk wdnhv wkh ydoxh rqh diwhu 4<:: dqg }hur ehiruh
wkdw |hdu/ dqg wkh ulvn yduldeoh iru zrun0uhodwhg looqhvv1
Wkh uhvxowv 0 xvlqj wkh LY0Zlwklq hvwlpdwru rq wkh glhuhqfhv zdjh htxd0
wlrq 0 duh vkrzq lq Wdeoh :1 Vwdqgdug huuruv duh djdlq hvwlpdwhg xvlqj wkh
Zklwh +4<;3, dqg Qhzh| dqg Zhvw +4<;:, surfhgxuhv147 Wkh nh| uhvxow khuh
lv ri frxuvh wkh frh!flhqw iru wkh lqwhudfwlrq ehwzhhq wkh lqglfdwru iru wkh
lpsohphqwdwlrq ri wkh qhz zrun lqmxu| lqvxudqfh +-.8- dqg ulvn h{0
srvxuh wr zrun0uhodwhg glvhdvhv +*?R21 Wdeoh : vkrzv wkdw wkh hvwlpdwhv
ri wklv sdudphwhu duh lqvljqlfdqwo| glhuhqw iurp }hur iru erwk pdohv dqg
ihpdohv1
: Frqfoxvlrqv
Wkh uhvxowv rewdlqhg lq wkh vwxg| vkrz wkdw wkhuh duh frpshqvdwlqj zdjh gli0
ihuhqwldo iru ulvn h{srvxuh wr zrun0uhodwhg glvhdvhv lq wkh ihpdoh vxe0vdpsoh1
Zrphq uhsruw pruh zrun0uhodwhg glvhdvhv dqg phq pruh zrun dfflghqwv1 Dv
srlqwhg rxw e| h1j1 Vplwk +4<:<,/ wkh zrunhuv* shufhswlrq ri wkh ulvn h{srvxuh
lv ylwdo iru wkh h{lvwhqfh ri frpshqvdwlqj zdjh glhuhqwldov1 Wkh zrunhu pd|
dvn iru frpshqvdwlrq iru wkh ulvn kh ru vkh frqvlghu wr eh prvw lpsruwdqw1
Wklv lv olnho| wr eh wkh h{sodqdwlrq wr zk| wkhuh duh vljqlfdqw frpsdqvdwlqj
zdjh glhuhqwldov iru zrun0uhodwhg glvhdvhv wr ihpdoh zrunhuv1
Vhyhudo uhvxowv lqglfdwh wkdw qrw frqvlghulqj hqgrjhqhlw|/ vhohfwlrq dqg
phdvxuhphqw huuruv pd| jlyh plvohdglqj uhvxowv1 Iru ihpdohv/ wkh lqgh{ iru
47Zh h{shulphqwhg zlwk wkh odj ohqjwk lq wkh hvwlpdwlrq ri wkh Qhzh| dqg Zhvw frydul0
dqfh pdwul{1 Yhu| vpdoo fkdqjhv +wklug ghflpdo, lq wkh hvwlpdwlrq ri wkh vwdqgdug huuruv
zhuh irxqg1
66ulvn h{srvxuh wr zrun0uhodwhg glvhdvhv wxuqhg rxw wr eh vljqlfdqwo| qhjdwlyh
lq wkh ROV hvwlpdwhv/ exw vzlwfkhg vljqv dqg ehfdph vljqlfdqwo| srvlwlyh
zkhq xvlqj wkh uvw glhuhqfh LY0Zlwklq hvwlpdwru1 Wkh ROV frh!flhqw
hvwlpdwh iru wkh ulvn h{srvxuh wr zrun0uhodwhg looqhvvhv lv dovr vljqlfdqwo|
qhjdwlyh iru wkh pdoh vxe0vdpsoh1
Wkh hvwlpdwhv ri wkh hhfw ri wkh lqwurgxfwlrq ri wkh lqvxudqfh iru zrun0
uhodwhg glvhdvhv wxuqhg rxw wr eh lqvljqlfdqwo| glhuhqw iurp }hur iru erwk
pdohv dqg ihpdohv1 Krzhyhu/ lq wklv frqwh{w lw vkrxog eh qrwhg wkdw dvvhvv0
lqj wkh fkdqjh lq wkh frpshqvdwlrqv lv hpslulfdoo| pxfk pruh vxewoh wkdq
mxvw hvwlpdwlqj frpshqvdwlqj zdjh glhuhqwldov1 Dqrwkhu h{sodqdwlrq wr wkh
lqvljqlfdqw fkdqjhv lq frpshqvdwlqj zdjh glhuhqwldov lv wkdw wkh lqfuhdvhg
lqirupdwlrq rq ulvn h{srvxuh iru zrun uhodwhg glvhdvhv/ zklfk zdv dovr dq ho0
hphqw ri wkh uhirup/ frxqwhudfwhg wkh furzglqj rxw ri frpshqvdwlqj zdjh
glhuhqwldov1
67Dsshqgl{1 Fkdqjhv lq Zrun Lqmxu| Frpshq0
vdwlrq
W k hz r u nl q m x u |l q v x u d q f h 48 jlyhv hfrqrplf frpshqvdwlrq wr zrunhuv zlwk
shupdqhqw dv zhoo dv wudqvlwru| khdowk ghflhqflhv gxh wr zrun lqmxulhv1 Wkh
uvw <3 gd|v/ d zrunhu vxhulqj iurp d zrun lqmxu| zloo uhfhlyh ehqhwv iurp
wkh frpsxovru| vlfnqhvv lqvxudqfh/ zklfk surylghv lqfrph frpshqvdwlrq iru
doo vlfn ohdyhv/ uhjdugohvv ri fdxvh1 Iru vxvshfwhg zrun lqmxulhv shuvlvwlqj
diwhu wkh hqg ri wkh frruglqdwlrq shulrg/ dq hydoxdwlrq ri wkh fodlp zloo eh
pdgh e| wkh vrfldo lqvxudqfh r!fh1 Li wkh khdowk ghflhqf| lv fodvvlhg dv d
zrun lqmxu|/ lw zloo eh fodvvlhg dv hlwkhu d whpsrudu| ru d shupdqhqw lqmxu|1
Iru whpsrudu| zrun lqmxulhv/ wkh zrun lqmxu| lqvxudqfh frpshqvdwhv iru0
jrqh hduqlqjv lq dgglwlrq wr wkh vlfnqhvv lqvxudqfh xs wr 433 shufhqw ri
iruhjrqh hduqlqjv1 Zrunhuv zlwk shupdqhqw khdowk ghflhqflhv fdxvhg e| d
zrun lqmxu| jhw dq dqqxlw| zklfk zloo ghshqg rq wkh dqqxdo lqfrph dqg wkh
ghjuhh ri lqfdsdflw|1 Li wkh zrunhu lv glvdeohg gxh wr wkh zrun lqmxu|/ l1h1/ fdq
fduu| rxw qr zrun dw doo/ kh ru vkh zloo jhw dq dqqxlw| fruuhvsrqglqj wr wkh
hduqlqjv dw wkh mre zkhuh wkh zrun lqmxu| zdv dftxluhg1 Li wkh zrunhu lv qrw
glvdeohg/ exw uhvwulfwhg wr wdnlqj d ohvv sdlg zrun gxh wr wkh zrun lqmxu|/ wkh
dqqxlw| iurp wkh zrun lqmxu| lqvxudqfh zloo frpshqvdwh iru wkh zdjh orvv1
Wkh ohyho ri hfrqrplf frpshqvdwlrq iurp wkh zrun lqmxu| lqvxudqfh kdv
dovr xqghujrqh vrph fkdqjhv gxulqj wkh wlph shulrg dqdo|}hg lq wklv vwxg|1
Wkh frpshqvdwlrq ohyho zdv lqfuhdvhg lq wkh uhirup ri 4<::1 Xqghu wkh
48Wkh pdmru irup ri frpshqvdwlrq lv lqfrph frpshqvdwlrq1 Khdowk h{shqvhv duh rqo|
fryhuhg e| wkh zrun lqmxu| lqvxudqfh lq fdvhv zkhuh wkhvh duh qrw fryhuhg e| wkh r!fldo
khdowk lqvxudqfh1
68suhylrxv odz/ d shufhqwdjh ri wkh zdjhv49 zdv pxowlsolhg e| wkh ghjuhh ri
lqfdsdflw| wr rewdlq wkh dqqxlw| dprxqw1 Wkh qhz zrun lqmxu| lqvxudqfh
ixoo| frpshqvdwhg iru wkh lqfrph orvv iru lqfrphv xs wr :18 edvlf dprxqwv1
Vrph dgglwlrqdo frpshqvdwlrq lv dovr dydlodeoh iurp wkh WID lqvxudqfh1
Diwhu 4<:7/ dq lqglylgxdo vxhulqj dq dfflghqw dw zrun uhvxowlqj lq d vlfn ohdyh
ri pruh wkdq hljkw gd|v fdq uhfhlyh frpshqvdwlrq vr dv wr ixoo| frpshqvdwh
iru wkh lqfrph orvv1 Iru ylfwlpv ri zrun0uhodwhg looqhvvhv/ qr ehqhwv duh sdlg
xqwlo wkh fodlp kdv ehhq hydoxdwhg e| wkh vrfldo lqvxudqfh r!fh1 Lq sudfwlfh/
zrunhuv ehlqj lqfdsdflwdwhg gxh wr zrun lqmxu| kdyh uhfhlyhg ixoo lqfrph
frpshqvdwlrq iurp 4<:7 dqg rqzdugv14:
49Wkh fdofxodwlrq zdv dv iroorzv= lqfrph idoolqj zlwklq wzr edvlf dprxqwv zdv ixoo|
frpshqvdwhg/ lqfrph idoolqj zlwklq wkh wklug edvlf dprxqw zdv frpshqvdwhg dw :8 shufhqw
dqg lqfrph idoolqj zlwklq irxu dqg yh edvlf dprxqwv zdv frpshqvdwhg e| kdoi1 Lqfrph
deryh yh edvlf dprxqwv zdv qrw frpshqvdwhg dw doo1
4:Lq wkh fdvh ri d idwdo rxwfrph/ dq dqqxlw| zloo eh sdlg wr zlgrzv dqg fkloguhq1 Exuldo
frvwv zloo dovr eh fryhuhg e| wkh r!fldo zrun lqmxu| lqvxudqfh1
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jurxsv hvwlpdwruv/ R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 7</
76407671
51 Eurzq/ F1 +4<;3,/ Htxdol}lqj glhuhqfhv lq wkh oderu pdunhw/ Wkh
Txduwhuo| Mrxuqdo ri Hfrqrplfv <7/ 44604671
61 Gxqfdq J1 dqg E1 Kropoxqg +4<;6,/ Zdv Dgdp Vplwk uljkw diwhu dooB
Dqrwkhu whvw ri wkh wkhru| ri frpshqvdwlqj zdjh glhuhqwldov/ Mrxuqdo
ri Oderu Hfrqrplfv 4/ 69906::1
71 Hulnvrq U1 dqg Èehuj \1 +4<;:,/ Zhoiduh lq wudqvlwlrq 0 Olylqj frq0
glwlrqv lq Vzhghq 4<9;04<;4/ R{irug= Foduhqgrq Suhvv1
81 Jduhq/ M1 +4<;;,/ Frpshqvdwlqj Zdjh Glhuhqwldov dqg Hqgrjhqhlw|
ri Mre Ulvnlqhvv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :3/< 0 4 9 1
91 Jleerqv/ U1 dqg O1 Ndw} +4<<5,/ Grhv xqphdvxuhg delolw| h{sodlq
lqwhu0lqgxvwu| zdjh glhuhqwldov/ Wkh Uhylhz ri Hfrqrplf Vwxglhv 8</
84808681
:1 Kdxvh/ M1 F1 +4<;3,/ Wkh qh vwuxfwxuh ri hduqlqjv dqg rq0wkh0mre
wudlqlqj/ Hfrqrphwulfd 7;/ 43460435<1
;1 Kzdqj/ K0V/ U1 Uhhg rfk F1 Kxeedug +4<<5,/ Frpshqvdwlqj zdjh gli0
ihuhqwldov dqg xqrevhuyhg surgxfwlylw|/ Mrxuqdo ri Srolwlfdo Hfrqrp|
433/ ;680;8;1
6:<1 Oloodug O1 dqg Zhlvv/ \1 +4<:<,/ Frpsrqhqwv ri yduldwlrq lq sdqho
hduqlqjv gdwd=Dphulfdq Vflhqwlvwv 4<9<0:3/ Hfrqrphwulfd 7:/ 76:07871
431 PdFxug|/ W1 +4<;5,/ Wkh xvh ri wlph vhulhv surfhvv wr prgho wkh
huuru vwuxfwxuh ri hduqlqjv lq d orqjlwxglqdo gdwd dqdo|vlv/ Mrxuqdo ri
Hfrqrphwulfv 4;/ ;604471
441 Qhzh|/ Z1 dqg N1 Zhvw +4<;:,/ D vlpsoh srvlwlyh vhpl0ghqlwh/ khw0
hurvfhgdvwlflw| dqg dxwrfruuhodwlrq frqvlvwhqw fryduldqfh pdwul{/ Hfrqr0
phwulfd 88/ :360:3;1
451 Rl/ Z1 dqg W1 Lgvrq +4<<<, Ilup vl}h dqg zdjhv/ lq R1 Dvfkhqihowhu
d q gG 1F d u g+ h g v 1 , Kdqgerrn ri Oderu Hfrqrplfv yro 6/ 549805547/
Dpvwhugdp= Qruwk Kroodqg1
461 Ùvwolq/ S1 +4<;<,/ Rffxsdwlrqdo fduhhu dqg khdowk = phwkrgrorjlfdo frq0
vlghudwlrqv rq wkh khdowk| zrunhu hhfw/ Vwrfnkrop = Doptylvw ) Zln0
vhoo Lqwhuqdwlrqdo1
471 Urvhq/ V1 +4<;9,/ Wkh wkhru| ri htxdol}lqj glhuhqfhv/ lq R1 Dvfkhq0
ihowhu dqg U1 Od|dug +hgv1, Kdqgerrn ri Oderu Hfrqrplfv/D p v w h u g d p =
Qruwk Kroodqg1
481 Vplwk/ U1 +4<:<,/ Frpshqvdwlqj Zdjh Glhuhqwldov dqg Sxeolf Srolf|=
dU h y l h z  /Lqgxvwuldo dqg Oderu uhodwlrqv Uhylhz 65/ 66<06851
491 Wkdohu/ U1 dqg V1 Urvhq +4<:9,/ Wkh ydoxh ri vdylqj d olih= Hylghqfh
iurp wkh oderu pdunhw/ lq U1 Whuohn|m +hg1, Krxvhkrog surgxfwlrq dqg
frqvxpswlrq/S u l q f h w r q =Q E H U 1
6;4:1 Wrsho/ U1 +4<<4,/ Vshflf fdslwdo/ prelolw| dqg zdjhv= Zdjh ulvh zlwk
vhqlrulw|/ Mrxuqdo ri Srolwlfdo Hfrqrp| <</ 47804:91
4;1 Yèjhuù/ G dqg D1 Jxooehuj +4<<9,/ \unh rfk gùgoljkhw xqghu 4<;30
wdohw/ HsF0udssruw 4<<9=6/ Vwrfnkrop= Vrfldovw|uhovhq1
4<1 Ylvfxvl/ Z1 N1 +4<<6,/ Wkh Ydoxh ri Ulvn wr Olih dqg Khdowk Mrxuqdo
ri Hfrqrplf Olwhudwxuh 54/ 4<4504<791
531 Zklwh/ K1 +4<;3,/ D khwhurvfhgdvwlflw|0frqvlvwhqw fryduldqfh pdwul{
hvwlpdwru dqg d gluhfw whvw ri khwhurvfhgdvwlflw|/ Hfrqrphwulfd 7;/
;4:0;6;1
6<